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There are several important reasons why, 
among qualified pipe welders, Midwest Welding 
Elbows have earned a reputation for exceptional 
dimensional accuracy and uniformity. One reason 
is because the included angle of 90° or 45° be- 
tween the machine-beveled ends is always exact 
. . . both ends are simultaneously machined as 
shown at the right. The elbow’s final sizing in 
compression makes it possible for the fixture to 
clamp it in accurate position—so the center-to- 
end dimension is always the same. 

For data on all the advantages of Midwest 
Elbows .. . and the other Midwest Welding Fit- 
tings .. . ask for Bulletin WF-41. 


MIDWEST PIPING & SUPPLY CO., Inc. 


Main Office: 1450 South Second St., St. Louis, Mo. 
Plants: St. Louis, Passaic (N.J.) and Los Angeles 
Sales Offices: Chicago—645 Marquette Bldg. * Houston—229 Shell Bldg. 
Los Angeles—520 Anderson Street * Tulsa—533 Mayo Bldg. 
New York—(Eastern Division) 30 Church Street 
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Shown here is one of the machines espe- 
cially built by Midwest for simultane- 
ously machine-beveling both ends of 
Midwest Welding Elbows and holding 
the included angle within extremely 
close limits. Special fixtures and special 
tools were also developed for this work. 
Similar machines with three heads are 
used for finishing Midwest Tees. 
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RGE COAL USERS TO 
STORE FUEL RIGHT NOW 


Industrial users of bituminous coal 
Sere told last month by Deputy Solid 
Fuels Administrator Howard A. Gray 
that the supply of that coal would get 
tighter and tighter” as the war pro- 
Byresses. Speaking before the annual 
ieonvention of the National Association 
of Purchasing Agents, he advised such 
users to store as much bituminous 
Bcoal as could be made available to 
them this spring and summer. 

“Some consumers with low stocks 
may be hoping to have the Solid Fuels 
Administration get them out of 
trouble if they run short. I want to 
advise all users that, although the 
Solid Fuels Administration will do 
everything within its power to prevent 
: coal emergency from curtailing war 
activities, their best insurance policy 
will be coal in their own stockpile. 
The man who fails to provide for him- 
self when coal is available may not 
like the kind or size of coal he gets 
Hthrough operation of the government’s 
emergency powers. Nor is the gov- 
Bernment likely to be particularly con- 
Scerned about how much it will cost the 
Sconsumer to get coal by emergency 
Farrangements,” he said. 
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Bituminous coal dealers and con- 
sumers, both industrial and domestic, 
Sserved by Great Lakes docks were 
palso urged by Solid Fuels Adminis- 
strator Harold L. Ickes to accept de- 
Slivery of next winter’s coal this sum- 
mer instead of letting it accumulate in 
thuge piles on the lake docks. 
He said that summer deliveries are 
Hnecessary to cut down the size of the 
oal piles on the docks to save the loss 
of fuel by spontaneous combustion, 
jand to prevent transportation of coal 
from the docks to users from becom- 
ng congested next winter. 





_ TECHNICAL CHANGES 
IN L-38 ORDER 


» Several technical changes in the 
j limitation order controlling produc- 
® von and delivery of commercial and 
by industrial refrigeration and air condi- 
me “ioning machinery were made May 20 
we by the War Production Board. The 

amended order L-38— 

_ Permits a producer or dealer to de- 

liver maintenance and repair parts 

to industrial and commercial estab- 
™ lishments in accordance with the con- 
= trolled materials plan. 

. Revises the definition of “air con- 

ditioning system” to exclude certain 


« 





types of heat exchanger equipment, 
a are covered by limitation order 





Heating, Piping & Air Conditioning, June, 1943 


Revises the definition of “parts” to 
exclude from its terms material such 
as refrigerants, lubricating oils, belts, 
packing, non-metallic filters, etce., 
which are covered by other orders 01 
for which no priority is required. 

tevises the definition of “producer” 
and “dealer” to include producers and 
dealers of “industrial type extended 
surface heating equipment” and “in- 
dustrial type humidifying equip 
ment.” 

Substitutes the term “maintenance 
and repair service” for “emergency 
repair service’ and defines the for 
mer to include maintenance servicing 
as well as emergency servicing to 
bring such servicing within the scope 
of the order. 

Changes the restrictions on farm 
milk coolers to include only evap 
orator coils and condensing units. 

Requires the owner of a repaired 
air conditioning system to dispose of 
replaced parts through regular scrap 
channels or to the dealer or producer 
as a condition of his purchase of new 
parts. 

Prohibits the sale of used air con- 
ditioning and refrigerating equip 
ment of 3 hp or larger by any person, 
except on an authorized order. 


POSTWAR PLANS NEED 
SOUND ENGINEERING 


The great majority of predictions on 
postwar living will become realities 
after victory, John E. Haines, man- 
ager of the air conditioning controls 
division of the Minneapolis-Honeywell 
Regulator Co., said in a speech at 
Boston last month. Most of the prod- 
ucts and plans currently proposed are 
well founded on engineering expe- 
rience; mary, in fact, were well 
started before the war, he said. 

“But,” Mr. Haines told the Boston 
chapter of the American Society of 
Heating and Ventilating Engineers, 
“a small minority of planners are pre- 
dicting fantastic and impractical prod- 
ucts and designs for living. Unfortu- 
nately, these few dreamers have 
“aught the fancy of the public, which 
loves to read about this sort of thing.” 
Practicality and sound engineering 
should supersede appearance, he said. 

“Users of automatic heating today 
wonder why they were ever satisfied 
with hand fired central heating 
plants,” he continued. “They are well 
pleased with their automatic heating 
systems and a large majority of them 
do not know that improvements can 
and should be made.” Suggesting a 
more modern, healthful, and economi- 
‘al method of heating, Mr. Haines 
said that homes built in the postwar 
era should include zone control. 





SPECIAL NIGHT SHIFT 
FOR “WHITE COLLAR” MEN 


The special night shift created r« 
cently in the Bridgeport, Conn., plant 
of Jenkins Bros., 
valves, has turned out to be a huge 
success, according to Bernard J. Lee, 
vice president in charge of manufa 
turing. 

The special shift, from 6 to 11 p.m 
Monday through Friday, was designed 
to attract “white collar” workers al 
ready employed in the daytime, offer 
ing them an opportunity to participate 
directly in the manufacture of war 
materials. They work in the plant as 
tool designers, toolmakers, and on the 
machine ben hes, and include bankers 
brokers, attorneys, business execu 
tives, salesmen, and bookkeepers 


AIR CONDITIONING HELPS 
TO SAVE LIFE 


In world war II it is common know] 
edge that progress in medical sciences 
has greatly reduced the percentage ol 
fatalities to casualties. And in the 
progress of medical science, air condi 
tioning is playing a vital role 

Recently, Carrier Corp. received th 
following comment from an Army air 
base, one of many in which its air 
conditioning and refrigeration equip 
ment has been installed as a standard 
part of hospital facilities: 

“The uniformly comfortable low 
temperature produced by this equip 
ment has been effective in reducing 
the excessive perspiration of both pa 
tient and operating room personnel 
which is inconvenient during the sum- 
mer, late spring, and early fall months 
in this hot, humid climate. This has 
improved sterile technique and the 
efficiency and speed of the operating 
team, and the patient leaves the oper- 
ating room in a better state of hydra- 
tion. In the x ray darkroom, it has 
enabled the technician to work con 
tinuously, whereas previously he had 
to take frequent rest periods because 
of the excessive heat.” 


AUBREY ELECTED 
ACRMA PRESIDENT 


W. H. Aubrey, Frick Co., was 
elected president of the Air Condition- 
ing and Refrigerating Machinery As 
sociation last month. Other officers 
are J. P. Rainbault, General Electric 
Co., first vice president; D. W. Russell, 
Airtemp Div., Chrysler Corp., second 
vice president; and P. A. McKittrick, 
Parks-Cramer Co., treasurer. 

E. T. Murphy, Carrier Corp., was 
elected to the chairmanship of the 
ACRMA board of directors. 
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RECENT AMENDMENTS TO 
FUEL OIL RATIONING ORDER 

An index to amendments Nos. 1 
to 50 to the fuel oil rationing order 
appeared on pp. 171-172 of the April 
HPAC. Amendments 51-60 were cov- 
ered on p. 283 of the May HPAC. 
The following information on amend- 
ments 61-65 has been taken from 
OPA fuel oil industry letters issued 
last month: 

Amendment 61 restricted emer- 
gency deliveries to the period before 
May 1, 1943. 

Amendment 62, effective May 13, 
1943, provides that a person to whom 
a ration has been issued for furnish- 
ing hot water only to residential 
premises other than a private dwell- 
ing may apply for a substitute ration 
under the provisions of amendment 
46 (change in circumstances or mis- 
calculation of needs). 

Amendment 63, effective May 15, 
provides for summer deliveries in the 
Pacific Northwest. 

Amendment 64, effective May 18, to 
carry out the new conversion policy, 
provides revised definition of con- 
vertible facilities, as follows: 

“Convertible facilities means any 
fuel oil burning equipment in prem- 
ises other than private dwellings, 
which may be altered or refitted to 
use an alternate fuel. However, the 
equipment is not convertible if one or 
more of the following conditions 
exist: 

a) An adequate supply of an al- 
ternate fuel is not available; or 

b) The materials or labor needed 
to alter or refit the equipment to use 
an alternate fuel are not available; or 

c) The materials or labor needed 
may be obtained only with unreason- 
able expense; or 

d) The equipment fur.ishes heat 
or hot water, or both, to premises lo- 
cated in the states of Maine, Vermont, 
New Hampshire, Massachusetts, Con- 
necticut, Rhode Island, North Dakota, 
South Dakota, Nebraska, Kansas, or 
Missouri and the allowable ration for 
the entire heating year is less than 
10,000 gal; or 

e) The equipment furnishes heat 
or hot water, or both, to premises lo- 

‘ated in the states of Florida, Geor- 
gia, Idaho, Oregon or Washington. 

“No ration shall be issued or used 
for the operation of convertible facili- 
ties for furnishing heat or hot water, 
or both, except to the extent necessary 
to operate these facilities until the 
earliest date when conversion can be 

completed.” 

By this amendment, auxiliary and 
supplemental rations will no longer be 
denied to private dwellings because of 
“convertibility.” 


52 


Amendment 65, effective May 27, 
provides: 

1) On and after June 1, in ther- 
mal zones A and B, a hot water ra- 
tion may be issued for water heating 
equipment, even though central heat- 
ing equipment using an alternate 
fuel is available for the purpose. Such 
a ration may not extend beyond Au- 
gust 31, 1943. The same type of ra- 
tion may be issued in thermal zones 
C and D, on and after May 15, for a 
period not beyond September 30, 1943. 

2) On and after June 1, in ther- 
mal zones A and B, a domestic cooking 
ration may be issued for cooking 
equipment even though cooking 
equipment using an alternate fuel is 
available for the purpose. The ra- 
tion shall be granted for the neces- 
sary fuel oil, for a period not beyond 
August 31, 1943. The same type ra- 
tion may be issued in thermal zones 
C and D, on and after May 15, for a 
period not beyond September 30, 1943. 


CLARAGE FAN NAMES 
WARE PRESIDENT 


Roland R. Ware, for the past 13 
years general manager, was elected 
president of Clarage Fan Co. at the 
annual meeting held last month. He 
succeeds Harry Clarage, who was 
named chairman of the board of di- 
rectors. 

Other officers elected were S. A. 
Schaeffer, vice president, C. A. Kline, 
secretary, and C. C. Wheeler, treas- 
urer. In addition to being president, 
Mr. Ware will continue to be general 
manager. 

Clarage is operating at maximum 
capacity manufacturing air handling 
and air conditioning equipment to 
meet vital war needs. During the 
last three years the volume of busi- 
ness handled by this company has 
more than tripled. 


PIONEER OF COMBUSTION 
EFFICIENCY PASSES 


Joseph Weller Hays, combustion 
engineer and founder of what is now 
the Hays Corp., died April 22 at the 
age of 75. 

Probably no man in America was 
so well known to boiler room opera- 
tors and thousands of others in in- 
dustry as Joe Hays. A practical op- 
erating engineer, consultant, writer, 
lecturer, inventor, teacher, he touched 
intimately the lives of thousands 
working to obtain better combustion 
conditions in the steam plants of the 
nation. His book, How to Build Up 
Furnace Efficiency, now in its 18th 
edition with a distribution of over 
125,000 copies, is an “operating bible” 
for boiler room crews. 
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FLOOD WATERS SHRINK 
OIL MOVEMENTS TO EAST 


Widespread disruption of tr: 
tation by floods in the midw 
southwest will shrink the m: 
of oil to the eastern seaboard 
least a fifth and may for a fi 
cut that traffic nearly in half 
Office of Defense Transportati 
May 22. 

Washouts of rail facilities, th 
in the “Big Inch” pipe line, t 
for repairs of roadbeds, bridges, a; 
the pipe line, and the time requ 
get solid train operation back 
fast schedules after full repa 
made, are the contributing factors 


INDUSTRIAL ADVERTISERS 
OUTLINE POSTWAR PRINCIPLES 


The National Industrial Advertiser 


Association has issued a “declarat 
of postwar principles,” stating th 
basic principles upon which they fe 
a secure postwar economy can 
built. The association declares 
the maintenance of a high level of e& 
ployment is the major responsi! 
of industry and that the only feasit 


means of paying huge war debts witb- 


in a reasonable period of time is 
the attainment of a high level of p: 
perity for everyone. 


WESTINGHOUSE ANNOUNCES 
POSTWAR POLICY 


A postwar policy “with both feet 
the ground” was recently outlined 
T. J. Newcomb, sales manager of t 
Westinghouse electric appliance « 
sion, in an open letter to 32,000 el 
trical dealers throughout the nat 

“Our postwar planning in the inter 
ests of consumers and dealers cover: 
two stages,” Mr. Newcomb re; 
“First, when the war is over we | 
to get into production fast on esse! 
tially those products you sold just 
fore the war. We shall improv: 
but won’t experiment with rad 
changes.” 


“4 


The second phase, he explained 
“bring along the revolutionary nev 
developments as quickly as th I 
be proved.” 

Mr. Newcomb’s letter opened wit 
the question: “When peace comes a! 
the postwar planning you're hearing 
so much about can be expressed in 4 
tual products—what will you, as #! 
electrical merchant, be most interested 
in? We believe you will want a lin 
of products which you can get for at- 
tual selling—fast,” the letter co” 
tinued. 
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In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is independent of electric 
current failure, and continues to operate 
as long as there is steam in the system. 


This is because the prime motive power of 
this economical pump is a special steam 
turbine, controlled by a unique “Vapor 
Turbine Valve’, which automatically by- 
passes from the heating main a small 
portion of steam, the exact amount neces- 









Interrupted Electric Service willk 


not stop this NASH Heating Pump 
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sary to develop the power needed to refies 
move the condensate and maintain theiiust 
required vacuum on the system. Even thixni. 
small amount is passed immediately boc" 
to the mains, and goes on to the systeniR 

with little heat loss. This pump operate: 


on any system, high or low pressure. 








The Vapor Turbine is a most economice 
pump, for the elimination of electric curren! 
does away with current cost, the largesfipe' ' 
single item in the operation of an ordinoy iy; 


, ' he 
return line heating pump. Bulletin on reques: RR" 


THE NASH ENGINEERING COMPAN\E: 
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T. Napier Adlam Explains Installation of Floor 
and Ceiling Pipe Coils and Methods of Control 





; FLOW PIPES IN WALL DROP TO SUPPLY CONS IN FLOOR 
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F 
THIS PIPE HAS SUFFICIENT GRADIENT TO ALLOW 


CONS IN CLILING ABOVE 


AIR TO FIND IT'S WAY BACK TO AIR REMOVAL 
TANK (SEE FIG~S) 


SUMMARY—If you had to name one 
nic that invariably is brought up 
‘or a2 lot of discussion in any conver- 
ation about postwar developments 
the future of heating and air 
litioning, you'd probably say “ra- 
iant heating.” We've run many 
icles on this subject, yet we can’t 
m to give HPAC’s readers their 
ll. ... Mr. Adlam, chief engineer 
the Sarco Co., Inc., has had as 
uch or more actual experience with 
such jobs as any other engineer; he 
lescribes here a radiant heating— 
nd cooling—installation in a new in- 
lustrial plant cafeteria, which has 
oth floor and ceiling pipe coils. He 
xplains in detail just how the coils 
rere installed, and the functioning 
bf the controls is carefully discussed. 


VHEN DESIGNING the radiant heat sys- 
em for the new cafeteria in an indus- 
rial plant, the author had two or three 
bbjectives to take into consideration. 
he main object, of course, was to 
provide comfortable temperature con- 
litions for the occupants in winter, 
but in addition to this, there was the 
hope that the installation would pro- 
ide an adequate cooling effect in the 
ummer. While the radiant panels 
re provided with these two principal 
leas in mind, the equipment was also 
esigned so that a series of extended 
sts can be made with various types 
f comfort controls. In other words, 
he building will eventually be used 


Heatin, 
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FLOOR- COW PLAN 
FIGURE ! 


for research work in connection with 
radiant heating and radiant cooling. 
The building is of frame construc- 
tion with the sides covered with 
bestos weatherboard on wood sheath- 
ing. The roof construction is slate 
with wood sheathing on rafters. Since 
the building is exposed on all four 
sides and has quite a lot of glass sur- 
face, the warming of the floor alone 
would not be sufficient to give ade- 
quate comfort conditions in extremely 
cold weather without making the tem- 
perature of the floor surface too high 
for “foot comfort.” To provide suffi- 
cient heated surface to raise the 
mean radiant temperature of the 
room to the required degree, coils 
were placed in the ceiling of the main 
cafeteria but not in the kitchen. 


as- 


Each Coil Has Flow Valve 


Fig. 1 illustrates the outline of the 
coils inserted in the floor; these coils 
were constructed of % in. wrought 
iron pipe spaced on 10 in. centers. 
All joints were welded. To insure an 
equal distribution of heat, the flow 
of water through each coil is per- 
manently controlled by a flow valve, 
illustrated in Fig. 3A. In addition to 
the flow valve, an isolating lockshield 
valve was inserted in case it is de- 
sired to shut off any coil independ- 
ently. 
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DROP RETURN PIPES FROM 
MOVAL 


SPACE 


th MAIN FLOW PIPE 
“FROM AUTOMATIC 

\ CONTROL HEATER WN 
PAIN FACTORY BLOG 

1 

. | 


ig MAIN RETURN TO 


1d MAIN RISER TO AIR RE IRCULATING PUMP 


ANK INSTALLED IN ROOF 
(SEE FIGURE-5S) 


How Floor Coils Were Installed 

Fig. 2 gives a part section of the 
floor construction how the 
were embedded in the concrete 
the crushed stone. The 
loose crushed stone was first laid on 
the earth and then a layer of con- 
crete 1 in. thick was finished off with 
a level surface. The coils were then 
placed in position and all connected 
pipes and mains welded. 

The coils and mains were carefully 
graded to allow air to back 
to the air removal tank, and a hy- 
draulic test was then put on the 
system to that all joints were 
perfectly tight. The test given was 
a pressure test of 300 psi for 12 hr. 
After everything had been proved 
satisfactory, a layer of concrete 
in. thick was placed on top of the 
and connecting pipes and al- 
lowed to set. The floor surface of 
the cafeteria was finished with a top 
layer of red cement % in. thick and 
the floor surface in the kitchen was 
finished with 


showing 
coils 


above loose 


escape 


see 
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coils 


linoleum. 
Ceiling Coil Installation 


Fig. 3 gives an outline of the pipe 
installed in the ceiling of the 
cafeteria. These coils were con- 
structed with % in. wrought iron 
pipe spaced 16 in. apart so that one 
pipe is placed in the center of each 


coils 
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DROP RETURN PIPES IN 
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WITH A PERMANENT 


VALE SEE FIG.-3A 


CEILING = COIL- PLAN SIDEWALLS, WITH © 
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FIGURE ~ 4 
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THE RETURN PIPE FROM EACH CEILING COIL IS EQUIPPED 
FLOW CHECK AND ISOLATING 

THESE ARE LOCATED IN THE 

R PLATE 





joist, as illustrated in Fig. 4. The 
ceiling was constructed with rocklath 
on joists and a total plaster finish 
™% in. thick. The ceiling coils were 
supported at intervals along their 
length to prevent sagging. The coils 
were carefully leveled and tested be- 
fore adding the rocklath. After the 
rocklath was installed and the ceiling 
plaster added, the coils were then 
covered on top with plaster which 
extends the full distance between the 
joists. The plaster was reinforced 
with wire mesh to prevent crumbling 
and to help conduct the heat. 

The purpose of the plaster around 
the pipes is to transmit the heat over 
the whole of the ceiling surface to 
give a more even temperature. After 
the plaster around the pipes was set, 
the spaces between the joists were 
filled with rockwool to a thickness of 
6 in. The flow pipes supported on 
the joists and all other pipes and fit- 
tings in the roof space are well pro- 
tected with insulating material. 


Air Removal Tank 


Fig. 5 illustrates the air removal 
tank and automatic air eliminator 
which are in the roof space above 
the cafeteria. The purpose of this 
tank is to insure that all air is elim- 
inated from the water before the 
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water passes into the smaller pipes 
of the heating coils. As the water 
rising in the pipe X flows into the 
tank, any entrained air will be sep- 
arated and rise to the top of the tank 
where it will be released through the 
automatic air eliminator. Without 
the tank it would be possible for air 
to be carried through to the coils; 
this would greatly retard the effi- 
ciency. 


Ceiling Coils Only Used for Cooling 


The principal reason for having 
two flow connections from the tank 
is to enable the ceiling coils to be 
operated with cooling water in the 
summer. At the same time the floor 
coils can be isolated by closing valve 
A. When radiant surfaces are being 
used for cooling effect during hot 
weather, it is very unwise to cool the 
floor because a cool floor will create 
an uncomfortable condition and many 
of the occupants will suffer from cold 
feet even though the ambient air 
temperature may be fairly high. The 
rapid conduction of heat from the 
feet to the cold floor not only creates 
the discomfort of cold feet; it has 
also been found to bring about rheu- 
matic pains and other ill effects. The 
only safe way to produce a cooling 
effect by radiant heat methods is to 


cool the ceiling or the side walls 
Hence, the reason the ceiling onl) 
this building is to be used as a co 
ing surface. 


Method of Heating and Cooling 


Fig. 6 illustrates the equipmer 
used for both heating and cooling th: 
circulating water and also the pres 
ent method adopted to control ther 
temperatures. An open top supp! 
and expansion tank is installed at 
sufficiently high level to keep t 
system full of water. This tank 
fitted with a float controlled valv 
to maintain just enough water in th 
tank to completely fill the syste! 
when cold. Sufficient space is allow: 
above the controlled level of the wate: 
to take care of the expansion of tl 
water as the temperature is raise 

The principal reason for having 2! 
open tank system is to enable a no! 
freezing solution to be used. In nor 
mal times the cafeteria and the fac 
tory may be left without heat ove! 
weekends and there will be dange’ 
due to frost. It also may be founé 
desirable to use a refrigerant for <r 
culating a cold liquid for cooling ™ 
summer. 

A standard type circulator is use 
to force the water through the sy* 
tem and a standard indirect stea” 
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heater is used to raise the water to 
predetermined temperature which 
is controlled by the thermostat 7. 
The temperature of the water leav- 
ing the indirect heater H is main- 
tained at approximately 125 F and 
this mixed with a portion of the re- 
turn water from the coils in the 
blender insures the correct tempera- 
ture of the water entering the ceil- 
ine and floor coils. The blender valve 
B is controlled by the outside ther- 
mostat S with a final adjustment 
effected by the room thermostat R 
acting through the auxiliary bulb F, 
as indicated in Figs. 5 and 6. 

The actual functions of the indi- 
vidual units of the heating and con- 
trol system are as folléws: 

Steam, supplied from the factory 
heating system at a pressure of 3 to 
5 psi, passes through the thermo- 
statically controlled regulator valve V 
and heats the water in the indirect 
heater H to a temperature of 125 F. 


a 
é 


of which is inserted in the flow pipe 


from the heater. The circulator G 
circulates the water from the coils in 
the floor and in the ceiling and forces 
a portion of this through the in- 
direct heater and a portion directly 
to the blender valve B, where a mix- 
ing of the water takes place. The 
temperature of the water leaving the 
blender through pipe D is controlled 
by the outside thermostat S. This 
thermostat is placed on the outside 
of the cafeteria where it is fully ex- 
posed to the surrounding air tem- 
perature and to radiant rays. In 
addition to the outside thermostat S, 
a room thermostat R is placed in the 
cafeteria which is subject to the dual 
effect of air temperature and mean 


radiant temperature of the walls, 
ceiling, glass, etc. 
How Control Works 
The function of the control is as 


follows (see Fig. 7): 





from 
The 
at 


a portion of the return water 
the coils enters at connection 2. 
blended water leaves the valve 
connection Y. 

As the element 2? is heated by 
hot water from the heater, the 
inside begins to expand and pushes 
the stem 4 outside, causing it to press 


the 
oil 


against the lever 5. The result of this 
action is to move the valve disc 6 off 
the top seat, allowing some return 


water direct from the pump to enter 
at connection 2 and mix with the hot 


water. The mixing takes place in the 
chamber at 7. 
Since the element 3 is connected 


by the capillary tube & to the outsid 
thermostat S, any increase in the 
temperature of the outside air will 
cause the enclosed oil to expand and 
force some of the oil from thermostat 
S along the capillary tubing & into 
the element 8. The oil thus forced 
from the outside thermostat to the 
element 3 will increase the quantity 
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Fig. 8—Wrought iron pipe coils ready for concrete floor 


therefore, takes up a position midway 
between the hot and return water 
ports, depending upon the tempera- 
ture surrounding the outside ther- 
mostat S. Thus, a_ predetermined 
relation is maintained between the 
outside weather conditions and the 
temperature of the water circulating 
to the heating coils. 

The thermostatic system of the 
control thus comprises the outside 
thermostat S, the capillary tubing 8, 
the element 3, and the auxiliary bulb 
F, and any change in temperature 
surrounding either of these will affect 
the position of the valve disc 6. 

The auxiliary bulb F is fitted with 
an electric heating coil K which may 
be heated more or less according to 
the function of the room thermostat 
R. Any increase in the temperature 
surrounding the auxiliary bulb F 
will cause the oil content to expand 
and force some of this into the ther- 
mostatic element 3 and the effect of 
this will be to move the valve disc 6 
closer to the hot water port and 


thereby reduce the temperature of 
the water flowing to the radiant heat 
coils. 

While it is possible by the com- 
bined action of the outside thermostat 
S and the element 3 in the blender B 
to maintain a predetermined temper- 
ature according to the outside con- 
ditions, it is occasionally found that 
this relation does not meet all con- 
ditions prevailing outside, since the 
heat loss from a building depends 
very much on the radiant effect of 
surrounding buildings and also that 
coming to and from the upper strat- 
osphere. The function of the room 
thermostat R is to take care of such 
changes in conditions and maintain 
a comfortable condition inside at all 
times. The room thermostat is con- 
structed with a spherical shell which 
is affected both by air temperature 
and radiant rays; more or less cur- 
rent is passed through the heating 
coil on the auxiliary bulb, depending 
upon the temperature effect on the 
sphere. 


Adjustments can be made o 
auxiliary bulb so that the room 
perature can be raised or lowe: 
suit occupational requirements. 
blender valve is also fitted wit 
adjustment so that by turnin; 
knurled knob M the temperatu 
the water circulating in the coil: 
be raised or lowered. 


Floor Temperatures 


Since this system was install 
outside temperature as low as : 
5 F has been experienced an 
conditions have proved perfect 
surface temperature of the 
even with such extreme weathe: 
ditions, never goes above 80 F. 
more moderate outside tempera 
the surface temperature is not 
ceptible to the touch. 

For test purposes the temper 
of the circulating water was 
to 160 F and allowed to operat 
this temperature for several 
with no injury to the plaster or 
material used in the construct 
the building. 


The Cooling System 


A cooling unit is provided at 


(Fig. 6) and the temperature of 
liquid in the system will be contr 
by both an outside thermostat ar 


room thermostat in the same way 


described for the heating. This 


trol, however, is in its experiment 
stage and, therefore, is not descril 


in this article. Later, when the 
thor has been able to develop 
control, it will be the subject 
new article which we hope to b¢ 
to give after a number of tests 
hope to make in the summer of 
Very little has been done up t 


present in controlling the temper 


ture of water for radiant cooling 
the author is hoping to develo; 
control which will meet this ¢ 
demand. 








BUREAU OF MINES TESTS 
COLLOIDAL FUEL OPERATION 


Colloidal fuel, a mixture of pul- 
verized coal and oil, can be used in 
many industrial boiler plants of the 
nation which were designed to burn 
fuel oil “if careful study and sound 
engineering practice” are employed 
in each case, the Bureau of Mines 
reported last month to Secretary of 
the Interior Harold L. Ickes, follow- 
ing a one month trial of colloidal fuel 
in a boiler plant of the Atlantic Re- 
fining Co. at Philadelphia. 

In the tests, a mixture of 40 per 
cent pulverized bituminous coal, most 
of which was ground as fine as tal- 
cum powder, and 60 per cent No. 6 
(bunker C) fuel oil, was fed to a 
furnace using a steam atomizing type 
of burner. The test was run as part 
of the regular plant routine with ex- 
isting equipment which was operated 
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by the usual company boiler plant 
employees. Company engineers co- 
operated with the bureau in the 
tests. 

No difficulties arose in burning the 
colloidal fuel in the steam atomizing 
type of burner used, bureau engineers 
informed Secretary Ickes. The flame 
responded smoothly to changes of 
boiler load and to variations of the 
amount of air used for combustion. 
In general, the troubles from the ash 
of the coal in the furnace were less 
than anticipated. 

Bureau engineers believe that the 
amount of fuel oil normally consumed 
by commercial furnaces would be re- 
duced one-third if colloidal fuel is 
substituted. In the tests just com- 
pleted, the bureau engineers said that 
more power generally was required 
to pump colloidal fuel and, in gen- 
eral, pump capacities probably would 
be lower when handling the mixture 
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of coal and oil. Because the mix 


is abrasive, a varying amount of er 
sion probably will occur in pun 


and burners, they added. 

“The amount of settling out of 
from the oil depends on severa 
tors, such as the temperatur 


which the fuel is heated, the finenes: 


of the coal, and the movement 
fuel,” they explained. “Clogging 


heaters, screens, meters, and cont! 


valves must be watched. In ger 


none of these difficulties proved ser 


ous, with operating routine pr 
organized. No boiler shutdow: 
curred from operating difficulti 

These tests show, the Burea 
Mines reported, that this emer: 
fuel could be the practical so! 
for many individual cases wher: 
oil supply has been decreased. 
with all engineering problems, 
sions as to its use should be ma 
a result of careful study. 
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By Samuel R. Lewis 
Consulting Mechanical Engineer 
Member of HPAC’s Board of Consulting & Contributing Editors 
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THERE IS MUCH 

WE DON’T KNOW 

THINKING MEN all over the country 
are concerned deeply with what may 
happen in engineering when the war 
is over. The young men who have 
been compelled to leave their normal 
professional occupations to take up 
war duties will eventually return and 
must be reabsorbed into industry. The 
older men who are carrying on in the 
absence of the young engineers are 
nearly all overworked in designing 
plants for war offense and will be 
tired by the time the boys come home. 
However, the soldiers will, to a great 
extent, require re-education in heat- 
ing and ventilating and in refriger- 
ated air cooling and dehumidification. 

Due to the necessity for substitu- 
ting noncritical materials and for low 
cost temporary construction, espe- 
cially in housing projects, there is 
danger that safe standards of design 
and construction will be forgotten. 
Attempts toward regimentation and 
standardized specifications for me- 
chanical construction as well as for 
buildings have already caused deteri- 
oration in standards and serious waste 
in money and effort, in my opinion. 

Publicity has been given to the idea, 
for example, that not more than 5 
cfm of air from outdoors per person 
is necessary or even desirable for 
health and comfort for occupants of 
buildings. Necessity for air distribu- 
tion and movement and of tempera- 
ture control within buildings tends to 
be ignored. It is not practicable, for 
example, to reduce the amount of out- 
side air to such low limits in warm 
weather without refrigeration to con- 
trol the temperature and without some 
effective means for controlling rela- 
tive humidity. 

Experienced engineers seem gen- 
erally to believe that to control the 
temperature alone, in crowded spaces 
like school class rooms, it is necessary 
to move through such rooms a volume 
of air approaching 30 cfm per person. 
Except when the outside temperature 
is snappily cold, much more than one- 
sixth of the 30 cfm must be taken 
from outdoors if the interior tempera- 
ture is to be kept from becoming too 
warm. 

In one large housing project for 
war workers, where heating was lim- 
ited to warm air, part of the air blown 
into dormitories occupied by men and 
women could be recirculated, accord- 
‘ng to one engineer, in the interest 


of comfort and fuel economy; but 
when the dormitories were occupied 
by men, women, and children, the 
rules permitted no recirculation of 
any part of the air. As a result the 
occupants suffered severely, with tem 
peratures in the something 
like 30 deg warmer at head level than 
at knee level. 

The methods of computation in gen- 
eral use for refrigerated air condi- 
tioning have been criticized as too 
detailed and refined, and hope has 
been expressed that some simpler, 
quicker, and reasonably effective meth- 
ods for computing the capacity for 
single room units may be developed. 
If two and two make four, the lay- 
man wonders—not unyvaturally—why 
work out with a microscope the com- 
ponents that add up to the first two 
of the two and assume by guess, as 
is common practice, the components 
of the second two of the two. Thus, 
glass and wall areas and solar and 
power heat reception are developed 
in great detail but leakage and occu- 
pancy cannot be defined accurately. 

Radiant heating is coming into its 
own with rapid strides. The layman 
queries whether there is any truth in 
the fear that panel heating does not 
account for the extra radiation loss 
from human bodies due to windows, 
or whether with radiant heating from 
the floor, the feet will be too warm, 
and whether with radiant heating 
from overhead the dining room table 
will be a barrier causing cold legs of 
dinner guests. The engineers of the 
country are somewhat bewildered con- 
cerning any patent restrictions or 
complications which may attend radi- 
ant heating. The effect of expansion 
and contraction of imbedded pipes for 
radiant heating on plaster and the 
influence of carpets and rugs still is 
questioned. Many heating plants have 
been operated satisfactorily using ra- 
diant hot water and steam pipes, but 
many also have used recirculated hot 
air through channels in the building 
construction. Most of those of both 
types were designed by guess and op- 
erate by good luck. 

Some engineers believe that vene- 
tian type blinds should be outdoors 
rather than indoors. 

The duty of a heating and venti- 
lating engineer is concerned with see- 
ing to it that buildings are so built 
that they are fit to heat and ventilate 
and fit to live in. The responsibility 
of the heating and ventilating engi- 
neer is appallingly great. 


rooms 
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FUEL OIL 
RATIONING 


ADVISING FUEL oil rationing boards is 
a war job that is interesting, to say 
the least. 

An outstanding experience is the 
earnest and conscientious effort, in 
volving making free inspections and 
reports on some little bungalow heat 
ing system in order to save perhaps 
100 gal of oil, expending energy, car 
fare, gasoline and tires, only to find 
the rationing board blithely passing 
out thousands of gallons to neighbor 
hood picture houses with little ques 
tion or compunction, 

Another experience is to see a dear 
old widowed lady expending several 
hundred dollars for alleged improve- 
ments in the heating system in her old 
home, taking in roomers, burning coal] 
in fireplaces, and extra 
wraps all in a patriotic and religious 
endeavor to do her bit to win the war 
Having helped such a lady to endure 
through the cold weather on around 
three-quarters of the average fuel 
oil demand of other years, it makes 
asked, for 
example, to endorse an application 
for extra oil in a small apartment 
building which is burning oil at 
double the rate of the preceding year 

Investigation of a large number of 
cases discloses very few where it is 
not practicable to return to burning 
coal. A favorite excuse is that spaces 
formerly used for coal bins now have 
been remodeled into leased or other 
wise occupied vital living quarters 
Generally, the objections to conver 
sion to coal seem to be mere failure 
to believe, on the part of the owner, 
that the Petroleum Administration 
for War seriously means business. 

Politics rears its ugly head in some 
cases, especially as between boards of 
education and rationing boards, often 
with severe acrimony; frequently, the 
recalcitrant school authorities seem 
to win out. The angle in this case 
most favorable to boards of education 
is the difficulty in financing the con- 
version, which may involve special 
elections to permit issuing bonds. 

It seems to me that if the cost of 
oil for fuel could be made to reflect 
the shortage or fear of shortage, the 
problem of conversion would to a 
great extent automatically solve it- 
self. As long as an owner finds that 
oil is costing him less in dollars or 
labor or inconvenience than coal costs, 
it is naturally difficult for him to de 
cide to convert. 
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st MMARY—Preparation of the spec- 
cations for heating, piping, and 
ir conditioning installations is a 
ubject of wide interest and great 
importance; however, it has been 
ymewhat neglected by engineering 
ieties and publications. For a 
roject of the magnitude of that dis- 
ussed here, the specification writing 
ust be organized carefully if design 
nd construction is to proceed effi- 
iently so as not to hamper our war 
we NO eee Mr. Woolfenden, 
esearch engineer for the well-known 
rchitectural and engineering firm of 
smith, Hinchman & Grylls, Inc., 
rites frankly and fully, and gives 
Smany practical ideas on preparing the 

pecifications for both large and small 
nstallations. He illustrates his re- 
arks with a few pertinent sketches. 























































y THE preparation of specifications, 
ery project carries with it its own 
roblems; while there may be a great 
imilarity between some installations, 
he probability of any two of them 
ing identical is very remote unless 
hey are intentional duplications. 
Brevity, clarity, and simplicity are 
ssential features of a specification. 
t should say enough, but not more 
han necessary; ambiguous or indef- 
Wnite provisions should be avoided, 
he wording should be definite so that 
he meaning is unmistakable, and the 
phraseology should be free from com- 
plications. To insure this result, a 
ultiplicity of subordinate clauses 
nd repetition, except for emphasis, 
hould be avoided. 


Unless the specification writer has 
he necessary data to work from and 
mless he has a clear idea of the re- 
Its desired and how they can best 
be obtained, he cannot produce a sat- 
sfactory specification. Furthermore, 
f he has the necessary information, 
f he is familiar with established 
@practice and applicable laws and 
odes and the “customs of the trade,” 
f he has an adequate command of 
anguage and knowledge of grammar, 
e cannot fail to accomplish his pur- 
pose. In such respects, his require- 
nents are similar to those necessary 
or the analysis of a mathematical 
problem. 
He must overcome any feeling of 
hwe produced by the magnitude of a 
Mproject. Steel pipe is still steel pipe 
and pipe fittings remain pipe fittings, 
whether the total amounts required 
easure in the dozens or in millions 
f units. There is a natural tendency 
psychological effect, if you will— 
hat produces the feeling in some in- 
Hividuals that certain projects are too 
arge for them even to attempt to 
andle. Financially, that may be 
quite true; but to a competent man 
with a reasonable background of ex- 
perience the question of technical 
bility should not enter into consider- 
ation, regardless of the size of the 
project. 
_One should recognize his actual 
imitations and be cautious about 













































exceeding them, but he should not 
introduce imaginary barriers nor 
should he fail consistently to extend 
the real boundaries. Doubt of one’s 
own ability is the sure forerunner of 
failure. Selfconfidence—and that does 
not mean overconfidence—is the fun- 
damental essential for accomplish- 
ment. 


Small Arms Plant a Big Project 


The typical small arms munitions 
plant is not a small project, but it is 
nevertheless made up of a large num- 
ber of buildings of various sizes 
ranging from those smaller than a 
one car garage to those of a size 
comparable to an industria] plant. 
Some, especially those of smaller size, 
will be duplicates, while others are 
without counterpart. These buildings 
are variously situated in a ground 
area which can be measured in square 
miles. In fact, there are few projects 
—other than large hospitals, mili- 
tary posts, or similar institutions 
and, perhaps, those involving housing 
on a large scale—which are compara- 
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ble to a small arms munitions plant 
and most of those mentioned are 
usually on a much smaller scale. 

If the specifications for the entire 
project were completed, as a whole, 
prior to the date of issue, there might 
be little to distinguish them from 
those prepared for any other large 
plant or institution consisting of a 
group of buildings devoted to differ- 
ent operations. This condition, how- 
ever, is not likely to exist. In the 
case of seven such plants for which 
the writer prepared the specifications 
for the heating and _ ventilating, 
plumbing, fire protection systems, 
elevators and other mechanical work, 
also including in at least one case 
the piping for outside drainage, dis- 
tribution of water, etc., and the sew- 
age disposal plant equipment, the 
specifications for the various parts of 
the work were issued progressively, 
at different times and, after the first 
project was under way, there were 
often two or even three developing 
simultaneously. 

Although these projects were, the- 
oretically and fundamentally, “sub- 
stantially the same,” they were 
nevertheless different and the sim- 
ilarity of certain features was often 
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just sufficient to make it very easy 
to confuse one with another 


The Critical Materials Problem 


This condition was somewhat com 
plicated by the fact that as time went 
on the question of “critical mate- 
rials” was introduced. This simply 
meant that the use of certain mate- 
rials and even apparatus in some 
cases (on account of the materials 
involved)—which were specified for 
a customary purpose at a given time 
might not be permitted for the same 
purpose, even in the same plant, at 
a subsequent time. In fact, notifica- 
tion of such restrictions was often 
received while some part of the spe 
cifications was being written. 

Under such conditions, it is obvious 
that any attempt to change the manu- 
script or to correct the typed pages, 
even before binding, would result in 
chaos and that issue of the specifica- 
tions would be indefinitely delayed. 
It was therefore necessary to provide 
by other adequate means for confor- 
mation to the restrictions on mate- 
rials imposed by the federal govern- 
ment. 

Another factor which introduced 
some variations in the requirements 
for the individual plants was that 
the plants were to be in different 
parts of the country, often several 
hundred miles apart. It will be 
readily appreciated that under such 
conditions climatic differences exist 
and the effect of these on the heat- 
ing, ventilating, and air conditioning 
requirements may be very appre- 
ciable. 

In this connection, it may be noted 
that the air conditioning systems in- 
stalled were for process purposes only 
and that comfort cooling did not enter 
the picture. 

It must be also borne in mind that 
speed is “the essence of the con- 
tract”; construction work is started 
at the earliest possible moment and, 
once under way, no interruptions or 
delays are permissible. That being 
the case, the specifications must be 
issued to the field as required; fur- 
thermore, certain materials and pieces 
of apparatus which involve future 
shipping dates must be decided upon 
and ordered at the earliest possible 
moment, so that the delivery will take 
place not later than the time when 
the job conditions render its installa- 
tion necessary. 


Couldn't Work from the Blueprints 


Many specification writers “work 
from the blueprints,” i.e., they first 
prepare the general matter and then, 
having obtained a set of blueprints 
in as complete a state as possible, 
continue their work using the prints 
as a guide with due regard to the 
subsequent development of the de- 
sign. In the case of these projects, 
no such proceeding was feasible as 
the worl: on the specifications and 
the design proceeded simultaneously 
—nor was it possible to have the 
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The typical small arms munitions plant is not a small project 


work on the tracings stopped for a 
sufficient time to have blueprints 
made, even though a continuous blue- 
print machine is part of the office 
equipment. 

It was necessary that the drawings 
and the specifications for any given 
part of the work be issued as near 
simultaneously as possible and for 
that reason the manuscript of the 
specifications was usually turned in 
for typing a few days before the 
work on the drawings was completed. 

It may seem from what has been 
said that the result of such condi- 
tions would be hopeless chaos, but 
such is by no means the case. In 
fact, at times the work on the spe- 
cifications proceeded at almost a 
leisurely pace (relatively speaking), 
although it must be admitted that at 
certain stages of the work there was 
nothing slow about it. The manu- 
script for the first specification for 
boilers, for example, which also in- 
cluded the settings and firing mech- 
anisms together with the necessary 
fans and other accessories, was writ- 
ten complete between 4:30 in the 
afternoon and 8:15 the same night. 

We Had a System 

That there was no confusion was 
due to several factors that might be 
grouped together and termed “sys- 
tem.” The first of these was the 
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cooperation of those engaged upon 
the design of the systems and their 
furnishing the necessary information 
regarding the requirements at the 
earliest possible moment —not the 
least of this information being that 
regarding the dates upon which spe- 
cifications for the various parts of 
the work would be required. 

This made possible the second fac- 
tor which consisted of the tabulation 
of the dates in schedule form, so that 
in connection with each, a notation 
could be made of the three other im- 
portant dates—the date upon which 
the manuscript was completed ready 
for typing; the date upon which, 
after typing, it was returned, with 
the necessary notations, for final cor- 
rection; and lastly, the date upon 
which the specification was issued to 
the field. 

The third factor was the form of 
the specifications themselves. 

When the first project was started, 
it was evident that the preparation 
of the drawings and the specifications 
would be a series of progressive steps 
and that the issue of the drawings for 
any part of the work would require 
the coincidental issue of the corre- 
sponding specifications. It was also 
apparent that all legitimate methods 
of cutting down the labor involved 
in the work of preparation of these 
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documents and, hence, advancing 
time of issue, must be employ: 


Basic Plus Supplementary 
Specifications 


Since the basis of awarding 
contract for the work was cost 
a fixed fee, and the amounts 
be arrived at with accuracy suffi 
for the purpose from the estin 
cost of the work and other pr 





inary data, there was no necessit! 
complete drawings and specificat 
for bidding purposes. 

In order to avoid the delay w! - 
would have inevitably resulted | es 
been required that the specificat a 
be prepared in accordance wit! ~ 
standard government form, inst! phe 
tions had been issued that the f avi 
to be used was that to which wi wh 
become accustomed and whic! 7 
become standard with us, wit! r | If 
tain slight modifications. bi 

It was therefore decided that the | ™ 
logical type of specifications t = 
would be that which included 4 = 
“basic,” or general, specification « > 
the groundwork, with additional “su - 
plementary” specifications issu: 


required. It was also decided that | ¥ f 
certain items—such as boilers, 
involved future shipping dates 
others such as elevators, which wer | 
not directly a part of the work © | 
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ther trades—should be covered by 
-omplete, separate specifications not 
related in any way to the basic 
pecifications. 
The idea of the basic specification 
b< not new and no originality is 
laimed for it. It is not, apparently, 
extensively; perhaps not so 
Puch as it might be or even so much 
as it ought to be. As some, especially 
he younger members of the engineer- 
ing profession and the allied trades, 


Ure 
mV hl 7 
é 
¥ 
vA 
a 
ay not be familiar with it, a brief 
statement of its nature and the 
ethod of application by supple- 


entary specifications will be given. 
Basic Specifications 

It is obvious that by incorporating 
n the basic specifications all the 
descriptive matter and requirements 
ommon to all parts of the work for 
he entire project and by binding with 
hem the general conditions and all 
other similar documents, an immense 
amount of duplication can be avoided. 
In this connection, it is well to note 
hat specific requirements, such as 
he capacities, heads, speeds and 
horsepowers of pumps; the capacities 
f pressure reducing valves, etc.; 
and sizes, excepting those given as 
limits, were not mentioned in the 
basic specifications. 

The qualities and types of mate- 
rials, the standards of workmanship, 
and the detailed construction of 
pumps, fans, motors, and other ap- 
paratus was however described in 
letail, much as the manufacturer 
would describe it in a trade catalog. 

s a matter of fact, save for the 
eneral conditions, etc., which follow 
he prescribed government form, 
hese basic specifications will apply 
vith equal force and propriety to any 
project whatever for which such 
materials and apparatus are required. 
If published broadcast, without the 
itle page, general conditions, basic 
vid form, ete., it would be impossible 
Hor anyone to determine to what 
project they may apply or anything 
about the project to which they do 
“pply other than such information as 
an be obtained, although at the cost 
f greater effort and in different 
form, from current catalogs and 
we echnical handbooks. 


Supplementary Specifications 
rhe supplementary specifications, 
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on the other hand, applied definitely 
to certain portions of the work and 
were specific in their requirements. 
In general, they were quite short 
owing to the fact that the general 
requirements were given once for all 
in the basic specifications. 

For example, in the case of a pump, 
since the detailed construction and 
arrangement, method of drive, etc., 
were covered by the basic specifica- 
tions, unless some special features 
were required, it would be necessary 
to give only the type of pump re- 
quired and, assuming that it is a 
centrifugal pump, the capacity, dis- 
charge pressure, suction pressure, 
speed, and brake horsepower, to- 
gether with the minimum acceptable 
motor size and the type of starting 
equipment, unless manually operated, 
as that type is described in the basic 
specifications and called for to be fur- 
nished “unless otherwise specified.” 


Preparation of Basic Section 


It might be thought that a basic 
specification prepared “in the dark” 
under the conditions outlined 
would be rather vague and random in 
its requirements and that a great 
number of corrections would be found 
necessary as the construction work 
progressed. As a matter of fact, 
while improvements were naturally 
made in the specifications for the 
subsequent projects, the basic speci- 
fications for the first project showed 
only one case of superfluity and less 
than six omissions, mostly of a minor 
nature. This of course does not take 
into account changes due to field 
conditions or to restrictions on the 
use of certain materials subsequently 
imposed by the government, as these 
would have been the same regardless 
of the nature of the specifications. 


above 


As implied above, the first step in 
the writing of the specifications was 
the preparation of the basic section. 
This was done during the time that 
the features of the design were being 
determined and, as these specifica- 
tions incorporated no requirements 
of size or capacity, they were not 
correlated with the considerations 
which governed the design, save in 
those particulars which concerned 
the size of the project and its nature 
insofar as these indicated the types 
of apparatus and materials which 
would be required. 

These specifications were issued to 
the field as soon as they were com- 
pleted so that there would be as much 
time as possible for the officer in 
charge to check them over and for 
the superintendent’s staff and the 
contractors to become familiar with 
them. 

In this connection, it may be noted 
that all specifications issued to the 
field were required to be approved by 
the officer in charge before distribu- 
tion to the superintendents and con- 
tractors. .The following tabulation 


showing the relative times of issue 
of various portions of the specifica- 


tions at the beginning of the work 
and the intervals between these dates, 
will serve to give an idea of the se 
quence. For convenience, the first 
project is designed as “Proj. A” and 
the “Proj. B”’; also the 
words independent, supplementary, 
and specifications are abbreviated 


second as 


Ist. Ind. Spe Pr \ 
(26 day 
2nd. Ind, Spe« ’ \ 
rd. Ind. Spe Proj. A 
(13 da 
Bas Spe bt \ 
ith. Ind. Spec I \ 
(5 da 
t. Ind. Spex I I 
(23 da 
ist. Sup. Spe I’? \ 
tl i, Spe I \ 
day } 
6tl I Spe \ 
(2 days) 
th. Ind. Spec I \ 
(2 di ) 
th. Ind. Spe I \ 
(1 day) 
' Sup. Spe | \ 
1 da 
2nd. Ind. 8S} | I 
6 da 
l. Ind. Spe I I 
(1 day) 
ith. Ind. Spe« Pr | 
th. Ind, Spe I B 
6tl ind. Spe I Kt 
(3 days 
Basic Spe | I 
Sup. Spe I I 
(2 days 
1. Sup. Spec I \ 
(f} day 
th. S Spe I \ 
(15 da 
th. Sup. Spe Pr \ 
] da 
znd, Sup. Spe Pr I 


This tabulation represents only the 
first few months; thereafter the vari 
ous supplementary specifications were 
issued as required. It does not in 
clude the three or four addenda issued 
during the period represented nor 
the specifications issued in the field. 

It must also be borne in mind that 
the specifications for the 
work were, with one or two excep- 
tions, issued at the same time as 
those for the heating and ventilating 
systems and that the body of the two 
specifications combined consisted of 
from 81 pages for a typical basic 
specification to six or eight pages for 
a supplementary specification for a 
small building, averaging 
of the basic specifications 
about 20 to 25 pages. 


plumbing 


exclusive 
probably 


Furthermore, during the intervals 
indicated specifications already typed 
were to be proofread, and in addition 
anywhere from one to three or four 
other specifications were in course of 
preparation—or if the plumbing work 


be counted separately, double that 
number. 

Naturally, in the subsequent work 
previous specifications could be used 


as a guide but on account of the dif- 





To expedite mail deliveries, the 
Post Office has assigned zone num- 
bers to delivery stations in many 
cities. The number should be used 
as part of the address. For exam- 
ple, mail to HEATING, PIPING & AIR 
CONDITIONING should be addressed 
“HEATING, PIPING & AIR CONDI- 
TIONING, 6 N. Michigan Ave., Chi- 
cago 2, [llinois,” as we are in zone 2 
of Chicago. 
































ferences between the various projects 
they had to very carefully edited and 
altered so that the actual saving in 
time, except in the case of the basic 
specifications, was much less than 
might be expected. This was espe- 
cially true in later projects, when not 
only were three or more progressing 
coincidentally but many changes in 
the materials specified were required 
in order to conform to federal re- 
quirements. 

A few comments on some of the 
features of the basic specifications 
may be of interest: 

Owing to the fact that unforeseen 
requirements might arise or subse- 
quent developments require workman- 
ship, material, or apparatus be of a 
more or less special nature or deviate 
somewhat from the descriptions given, 
it was provided in the prefatory 
clauses that the requirements of the 
basic specifications should govern “un- 
less otherwise specified (in the sup- 
plementary specifications) or called 
for on the drawings.” In this way, 
it was made possible to deviate from 
the requirements of the basic speci- 
fications as might be required to 
cover an unusual condition, without 
weakening their force or requiring 
any modification by a separate sup- 
plement issued for the purpose. 

In order to cover the cases of small 
structures, for which a few notes on 
the drawings would constitute an ade- 
quate specification, it was provided 
that under such circumstances there 
might be no supplementary specifica- 
tions issued and that the “basic speci- 
fications as defined and modified by 
the requirements set down on the 
drawings” should govern. 

As the restrictions upon the use of 
critical materials were constantly 
changing, provision was made author- 
izing the use of suitable substitutes 
as might be required by the officer 
in charge and subject to his approval. 

In order to avoid repetition, it was 
found desirable to stipulate that the 
description given for any item in the 
specifications should apply to all sim- 
ilar items required unless otherwise 
stated. This provision covered not 
only apparatus and materials but 
also workmanship. 

To abbreviate still further, the 
meaning of “equal” and “other ap- 
proved” as used in reference to makes 
of apparatus other than those named 
were defined. It was stipulated that 
alternate makes should be “of equal 
standard of construction” to those 
named and be satisfactory to the 
officer in charge. 

Another clause which is often over- 
looked was that relating to the deter- 
mination of the limits of a system 
when, for example, two systems 
carrying different pressures ynite, as 
at a pressure reducing valve-or flash 
tank. The separation was made upon 
the basis of the lower pressure sys- 
tem comprising all parts which can- 
not be subjected to a pressure above 
that allowable as a maximum for that 
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system and all other parts being con- 
sidered as belonging to the higher 
pressure system. 

There was also included a provi- 
sion which the writer believes to be 
original with him and which he first 
caused to be inserted in specifications 
over 30 years ago. At that time, he 
was supervising construction work 
for his present employers and found 





that the regularity with which small 
articles and accessories callei for by 
the specifications “turned up missing” 
was extremely annoying and led to 
much fruitless argument. 

In order to relieve the situation and 
to remove the cause of aggravation, 
he formulated a suitable clause for 
insertion in the specifications. The 
import of this clause is that “all 
small loose and detachable parts” 
which the contractor is required to 
furnish be kept until the work is 
completed and then be turned over 
to the owner’s representative and be 
receipted for by him. As originally 
written, the receipt was to be in 


triplicate, the contractor to keep ne 
copy and attach the other two t 
request for final payment. Of these 
the owner got one and the archi :ect 
kept the other. 


Makes of Materials 


As to makes of materials, in any 
specification the necessity of repeat. 
ing the names of the manufacturers 
of typical, acceptable material, takes 
up both time and space. Some years 
ago, the writer prepared what might 
be called a “standard” or “master” 
list of typical makes of materials. 
listing therein the various materials 
as headings and under them giving 
the names of various manufacturers, 
Such a list was included in the basic 
specifications. 

This list is not complete but 
reasonably comprehensive. The prefa- 
tory clauses explain that because any 
item is named therein it does not 
follow that it is required for the 
project, but if it is required the 
makes named are typical. Further, 
the makes named are acceptable only 
if the product complies with all speci- 
fied requirements. 

It is also clearly explained that the 
mention of any make or makes does 
not carry with it the implication of 
preference and that other makes are 
also acceptable, provided that they 
are of a standard of construction 
equal to those named. 

The names of the items (titles) and 
also the names of the makes are ar- 
ranged in alphabetical order. Such 
a list, being general, is applicable to 
any specification which requires ap- 
paratus and materials of the types 
comprising the list. Furthermore, it 
is easy to correct or alter as required 
and can if desired be made up in 
quantities ahead of time at a con- 
siderable saving of both time and 
labor. 





USE PAPER CAREFULLY 
TO AID WAR EFFORT 


Wood pulp is a strategic material— 
transportation and manpower limita- 
tions reduce potential production, and 
many wartime uses for pulp and paper 
products increase the demand. A cord 
of pulpwood will make enough powder 
to fire two rounds in a 16 in. naval 
gun. Pulpwood is needed to make 
fiberboard containers to protect over- 
seas shipments of food, munitions, 
and supplies, and to make rayon for 
parachutes and medical dressings for 
the sick and wounded. Printing paper, 
essential in peacetime, is vital to the 
prosecution of the war in numerous 
old and new uses. 

All who order and use paper should 
ask the following questions: Is it nec- 
essary? Can lighter paper be used? 
Can a smaller size be used? Can the 
number of printed pieces be reduced? 
Is an excessive inventory on hand? 


NAVY NEEDS 
CONSTRUCTION MEN 
Skilled tradesmen are urgentl) 


needed for enlistment in class V-6, na- 
val reserve, for service in the Navy 
construction battalions, or “Seabees” 
as they are more popularly known 
These battalions are comprised prin- 
cipally of mechanics, riggers, carpen- 
ters, divers, electricians, welders, 
blacksmiths, drillers, stevedores, stee! 
workers, wharf builders, special equip- 
ment operators, and other specialists 
who build advance and mobile bases 
all over the world. 


Ratings for men from 17 to 50's 
years old, up to and including chief 
petty officer, are available, Al! appli- 
cants must be interviewed by a civil 
engineer corps officer; information 0! 
when and where this officer may be 
contacted may be had at local Navy 
recruiting stations. 
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\T PRESENT, any reasonable changes 

heating plant equipment or oper- 
ting methods that result in fuel sav- 
ngs return even greater money and 
‘ther value than in the past. We have 
nished writing reports covering four 
steam power and heating plants that 
were under our supervision last year; 
he results obtained by careful plan- 

ng and supervision may be of in- 
erest to other fuel users. 

Last winter was more severe than 
the average so the savings indicated 
annot be attributed to a milder sea- 
son; on the other hand, if the savings 
been increased to correspond to 
nerease in degree days, the re- 

noted would be considerably 
favorable than indicated by the 


res 








» were employed first to make re- 
on the plants, their equipment, 
operation, and to make recom- 
dations for possible changes to 
ease efficiency. After these re- 
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? Uncle Sam 
wants YOU 


to tight... , 


WASTE! 


Save Fuel ~ 
by Heating Efficiently 


You Can Aid the War Effort and Save 
Money Too by Carefully Studying All 


FUEL SAVING METHODS 


C. W. Kimball, Consulting Engineer, Cites Several Cases 
of Fuel Conservation by Thorough Attention to Details 


ports were submitted, we were em 
ployed to carry out the work recom- 
mended and to follow the operation 
of the plants after the changes were 
completed to report on the results 
obtained. 


Large YMCA Building Saves 
139.5 Tons 


A large YMCA building with two 
72 in. diameter HRT boilers operating 
at 50 psi pressure burns coal, with 
one boiler hand fired and the other 
stoker fired. The pumps, return tanks, 
and one of the water heaters wer 
worn out and required renewing. This 
condition prompted a careful survey 
of the whole plant. 


After the survey and check of oper 
ating conditions, the changes recom- 
mended in equipment and operating 
methods included reducing the operat- 
ing pressure to 10 psi, installation of 
new pumps and piping, overhauling all 
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return traps, and cleaning the system 

The building was used even more 
fully last year than the previous on 
and no correction has been made f 
the more severe weather. In the cor 
responding four winter months before 


the changes, the plant used 416.9 tons 
of soft coal. During the same months 
after the changes, the plant used 277.4 
tons of coal, a saving of 139.5 tons 
The cost of the changes was less that 


$5000 


Manufacturing Plant Increases 
Boiler Capacity 


A large manufacturing plant, on 
war work, reached the limit of its 
boiler plant capacity and asked for 
a report on the equipment, its ca 
pacity, and efficiency—with recom 
mendations as to additions and 
changes to provide for future load in 
crease and to improve operating con 
ditions. This plant had six HRT 
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boilers, 135 hp each, with hand stok- 
ers burning soft coal. The boiler set- 
tings and supporting steel were in 
poor condition and three of the boil- 
ers were so old that replacement was 
imperative. 

A careful study was made and defi- 
nite recommendations were submitted 
for the plant development. They in- 
cluded the removal of the old boilers 
and the installation of three new wa- 
ter tube boilers, with stokers, in their 
place, using the present drums, pip- 
ing, chimneys, and other equipment 
that was available. 

The enlarged plant has operated 
since the first of December, has cared 
for the added steam demand devel- 
oped, and has satisfactorily heated 
the factory during some of the coldest 
weather in recent years. The records 
kept at the plant show that approxi- 
mately 40 per cent more steam was 
needed but that the coal consumption 
increased only 5 per cent, making no 
correction or adjustment for the un- 
usually low temperatures experienced. 
As the old plant burned from 30 to 
45 tons of coal per day, the savings 
due to the changes made the invest- 
ment really worthwhile. 


Building Converts to 
District Steam 


Another plant served a large build- 
ing and burned bunker C oil. The 
boiler installation was modern in every 
way and no changes in boiler or 
equipment appeared possible to save 
fuel; money was not available to 
change the boilers over to coal. The 
heating system includes unusually 
complete individual room automatic 
control, with day and night setting 
and each floor a separate unit. No 
changes in the heating or control sys- 
tem seemed practical or advisable 
from the steam saving point of view. 

It was decided to purchase steam 
from the utility company in order to 
save oil, but with the thought that 
the cost of steam this way might ex- 
ceed the cost of generating steam with 
the boiler plant, steps were taken to 
reduce the use of steam in every way 
possible. It was, therefore, decided 
to watch carefully all phases of the 
use of steam, shutting off the entire 
system when possible, reducing the 
heat in various rooms and depart- 
ments, lowering the thermostat set- 
tings, and reducing as far as possible 
the ventilation throughout the build- 
ing—in other words, to give careful 
attention to all small details. 

A new use for the heat in the return 
water of condensation was developed 
and made possible without any new 
equipment or additional operating ex- 
pense and a saving was made on this 
item. 

The plant records show a saving in 
steam of approximately 35 per cent, 
this saving being made without the 
installation of any new equipment of 
any kind but simply by making the 
best use of present equipment, keep- 
ing a careful watch of all parts, and 
making full use of every pound of 


288 


ee 





SUMMARY —It’s often the little 
things that count but which are fre- 
quently overlooked. When it comes to 
saving fuel—highly important today 
not only to reduce costs but to con- 
tribute to the war effort—careful at- 
tention to operating details and the 
condition of the heating equipment 
will invariably lead to worthwhile re- 
sults ... That’s the point Mr. Kim- 
ball—of Richard D. Kimball Co., en- 
gineers, and a member of the HPAC’s 
board of consulting & contributing 
editors—makes here. The cases he 
cites suggest similar study of other 
heating installations. 





steam purchased. As this building 
used approximately 10,000,000 lb of 
steam per winter month during the 
preceding year, the saving indicated 
means that a substantial amount of 
fuel has been made available for 
others. 


Factory Boosts Operating Efficiency 


A manufacturing plant having two 
78 in. diameter by 20 ft 0 in. long 
HRT boilers set up 9 ft 0 in. from 
the floor, equipped with two high 
pressure mechanical oil burners using 
bunker C oil fuel, used approximately 


1,400,000 gal of oil per year be ore 
the changes were made. The 
boilers operated at 175 psi pre 
with an output of 20 to 25,000 |} 
hr of steam, 24 hr per day exce; 
weekends and vacation periods. 

These boilers were overloade 
yond their economical operating nt 
and in case of breakdown or rm 
no other steam was available. 

After a careful study and rep 
new water tube boiler was rr 
mended. This was later install 
the same boiler room and conn 
with the existing pumps, heaters 
ing, and controls. Improved feed) 
treatment was also included, 
minor changes in the piping and uy 
of return water. The new boiler has 
now been in operation approximately 
one year and the records indicat: 
the operating efficiency has beer 
proved 15.5 per cent. Based ona yx 
fuel consumption and at the p 
prices, the cost of the additions and 
changes will be returned within th 
years. 

This new boiler is now to bk 
changed to coal by installing an w 
derfeed stoker in order to conserve 
oil. Comparable coal savings w 
course continue to be made. 


WHAT SHOULD PLANTS LOOK FOR IN THE WAY OF SCRAP? 


Metal shavings; scraps after stamp- 
ing out parts; broken machinery and 
parts; cable; old coolant pumps; line 
shafting; old drills and chucks; re- 
jected pieces; old chain; oil drums; 


filings and grindings; bolts, nuts a: 
rivets; plungers; pistons; saw blades 
old wrenches; pipes and valves; old 
boilers; discarded equipment of 
sort containing iron or steel. 


Obsolete tar heat exchangers being relegated to the scrap heap at a 
Standard Oil refinery, to make bombs which will help make Hitler obsolete 


“ha _— 
vy > ’ 
rrr Bay, 





' 
: - 
~« 
ye 
— == = 


Heating, Piping & Air Conditioning, June, 194: 


ow 
CRPR NS Fon 
A Am PK pommnht 





- = ——— 




















’ 


pb” ie 





Battery of seven refrigeration machines for air conditioning a windowless bomber plant 


7000 TONS OF REFRIGERATION HELP 
~) TO MARE IT HOT FOR HERR HITLER 

































ONE OF the nation’s largest industrial the refrigeration plant to develop over pressors has a refrigerating capacity 
air conditioning systems is in opera- 7000 hp needed to operate the com- of 1075 tons while a seventh has a 
tion at a blackout bomber plant at pressors. The turbines work at 250 capacity of 550 tons.—J. C. TWEEDELI 
Tulsa operated by Douglas. The psi initial pressure and exhaust at field manager, York Ice Machinery 
equipment has a refrigerating capac- 26 in. of vacuum. Each of six com Corp 
r ity of 7000 tons. 
A battery of seven turbine driven 
centrifugal refrigeration machines These instruments enable proper operation 
chills more than 14,000 gpm of water of one of the huge refrigeration machines 


| from a temperature of 59 to 47 F. 
The chilled water is pumped through 
cooling coils situated in all parts of 
the building. 

Air conditioning in the windowless 
blackout plant is vitally necessary to 

= maintain normal operations during 
the summer and to a large extent in 
the winter as well. Outside summer 
temperatures at the plant location go 

; as high as 100 F and average 80 F, 
» but in the blackout plant the mercury 
» would climb to an average of 110 F 
without air conditioning. Machinery, 
lighting, and the hundreds of work- 
ers themselves would all contribute 
to increasing the temperature to an 
unbearable level. On unusually warm 
days, operations might have to cease 
alt vrether. 


ed ee oe Ok 


constant temperature of 80 F 
and a relative humidity of 50 per 
cent will be maintained by condition- 
ing more than 3,000,000 cfm of air. 

\pproximately 110,000 Ib per hr of 
1 is used by the seven turbines in 
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—“ : Open vertical joints in the two 
i oat cessed courses of brick just ab 
wg waist high and in a rowlock cours 
H just a foot below the limestone coping 
; ' ventilate this wall, which has an in 
; sulating value equal to 80 in. of brick 
; . This has been obtained by the use o 
eo aes ventilating tile with perforated back 
H ssl iit a 4 in. mat of rock wool and a water 
proof membrane vapor seal inside th, 
; { wall. Reinforcing ties make it shat 
i ter resistant and keep the insulating 
ts aus ot wool permanently in place. The y: 
| venaTe Soret tical break shown in this view is a; 
3 fume PERFORATS expansion joint which is repeated at 
ts intervals along the length of th 
building 
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AIR CONDITIONED AIRCRAFT PLANT 
HAS WALLS THAT “BREATHE” SO AS 
TO AVOID CONDENSATION TROUBLES 





j 

§ 

i 

{ 

- 

4 

Air conditioning units which serve + 
! this windowless plant are above the ; 
trusses on platforms similar to that b 
shown here. They are readily acces- ? 
sible from catwalks extending the full é 
length of the plant ' 

* 
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With all distribution systems concen- 
trated in the trusses, the working area 











is entirely free of obstructions. This 
view, taken alongside the boiler house 
; wall, shows two 18 in. chilled water 
= 4 lines which deliver cold water for use 
= ; in cooling the assembly building. Di- 
siege A rectly above on the left is a line 
is which carries pneumatic tubes and a 
- 6 in. compressed air line is above it. 
ick A 10 in. gas feed line cuts over left to ; 
ol right above the others into the boiler ‘ 
ck room. The vertical pipe seen along- i 
ih side the wall on the right serves as a 
— . sampling air duct which delivers out- 
at door air to the air conditioning con- : 
ing trol mechanism which automatically : 
anil sets the controls for maintaining uni- 
ar form atmospheric conditions within 
at the plant. A concentration of pneu- 


the matic temperature regulation control 

tubes in the lower right corner cuts a 

sharp right angle into the boiler house, 

where the main operating control 
panel is situated 





tion to “breathe,” thereby pre- 


idea of “breathing walls” of ma- 
venting condensation and keep- 


A LOOK behind the 17 million 
sonry was born. Instead of 


bricks in nearly two miles of 
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“breathing windowless walls” 
enclosing Douglas  Aircraft’s 
new Oklahoma City plant would 
disclose “C-47 Sky Trains” com- 
ing off a complete production 
line where cattle grazed just a 
year before. The Austin Co. de- 
signed the plant and supervised 
construction. 

When the engineers were 
asked to design the southwest’s 
third huge heavy aircraft plant 
with the same controlled condi- 
tions provided in the first two, 
but with limited use of steel 
which made these possible, the 


using fiber glass and _ steel, 
which gave side walls and roofs 
for the other plants a record in- 
sulating value, they designed a 
revolutionary brick wall over 50 
ft in height which is ventilated 
through open vertical joints in 
one course near the top and in 
two courses waist high near the 
bottom of the outer brickwork. 

Hollow ventilating tile serve 
as a flue through which air cir- 
culates vertically between the 
open joints. The tile has a per- 
forated back which allows the 
1 in. blanket of rock wool insula- 


ing it permanently dry. The 
wool is held in place by light- 
weight trussed wall ties which 
hold the many layers of the wall 
together and make it shatter re- 
sistant. They are the only steel 
in the entire wall. While only a 
fraction as thick, the construc- 
tion has the same _ insulating 
value as a solid 80 in. brick wall 
and is equal to the ferroglas con- 
struction, in which steel and 
fiber glass were combined at the 
other two plants. The new plant 
has a roof of the ferroglas con- 
struction. 
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This view from a point on the roof 
above the sliding door illustrates in 
detail the “breathing” wall construc- 
tion. Open vertical joints in the row- 
lock course, seven below the limestone 
coping, form the upper end of the con- 
tinuous ventilating flue through the 
walls. Open joints in two recessed 
courses waist high near the bottom of 
the structure provide the inlet, and 
circulation is obtained through ver- 
tical flue tile behind the facing brick. 
Nineteen penthouses above the low- 
roofed areas of the plant accommodate 
the upper section of air conditioning 
units throughout basic, primary and 
subassembly areas. They are enclosed 
with corrugated asbestos siding and 
have asbestos cement hoods over the 
louvers 
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Local boards start issuance of rations this month 


How Hations for Fuel til 
Will Be Reissued by UPA 


Policy on Conversion Also Announced 


THE FUEL rationing division of the 
Office of Price Administration re- 
leased on May 8 the following infor- 
mation on the reissuance of fuel oil 
rations and the conversion policy for 
next year: 

Heat and hot water rations for 
1943-44 will be, for most people, the 
same as the basic rations issued last 
fall. From the point of view of the 
industry, perhaps the most important 
improvement in the new fuel oil ra- 
tioning program will be the issuance 
of rations well in advance of the be- 
ginning of the heating season. In 
PAW districts 1 and 2, the new ra- 
tions for next winter will begin to 
reach consumers hands in June so 
that substantial deliveries may start 
by midsummer. 

The reapplication of the great ma- 
jority of heat and hot water con- 
sumers will be made on a one page 
form, R-1167, with consumer instruc- 
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tions on the back. The form will ask 
for the name and address of the 
applicant, the address of the prem- 
ises to be heated, and the name and 
address of the person to whom the 
ration was issued last year. If the 
consumer simply signs his name, he 
will receive automatically the ration 
to which he is entitled under the 
regulations. He will also be given 
an opportunity to indicate voluntarily 
that he will accept a smaller amount 
than his basic ration of 1942-43. 
The consumer will be asked to give 
the name and address of his principal 
supplier on a stub attached to the 
application form, together with the 
grade of product which he uses. 
The general rule for ration deter- 
mination means that a consumer will 
ordinarily receive the total allowable 
ration determined last fall or winter 
for the entire heating year 1942-43. 
The total allowable ration included 
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the inventory declared by the 


sumer on his original application, 


did not include, of course, auxi 
and supplemental rations issued 





ing the winter for sickness or ha! 


ship. Where the local boards d 


the heating season made correct 


in its calculations of the total a 
able ration, the corrected figuré 


be the guide for the new rat 
Where consumers during the heat! 


season obtained a _ substitute 1 


because of change of circumsta! 


(amendment 46) the total alloy 
ration figures on the new basis 
be the guide. 

Cases for which increases ove! 
vear’s basic ration will be auton 
ally given (unless the consume! 
untarily asks for less) include 
houses, both with central h« 
plants and with space heating « 
ment. This small house adjust 
will be made for only very 


nent 
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houses in the northern part of the 
rationed area and will cover some- 
what larger houses in the south. 
Automatic increases in rations will 
also be given to those who were af- 
fected by the area ceiling on very 
large houses last winter and to all 
private dwellings in the lower part 
of zone D. 

No adjustments will be made under 
the new regulations for heat and hot 
water rations issued to buildings 
other than private dwellings. 

Form R-1167 will be available only 
to consumers who reside at the same 
address as last winter or to members 
of their families. Consumers who 
have had a change of address or who 
may be entitled to larger rations be- 
cause of various changes, such as an 
increased number of occupants, will 
apply at a later date on special forms 
prepared for those purposes. 

In order to achieve the goal of sub- 
stantial summer fillup, it is necessary 
for reapplication forms to be re- 
turned to the local boards at the 
earliest possible moment. The indus- 
try can greatly assist in achieving 
this goal by urging consumers to re- 
turn their application forms promptly. 
It may be helpful to point out to the 
public in direct by mail and other 
consumer advertising some of the 
vital advantages of prompt compli- 
ance with this request, such as: 

1) Greater efficiency in delivery 
operations, including the use of scarce 
manpower and scarce equipment, if 
deliveries can start well in advance 
of the heating season. 

2) Greater assurance of supply 
for individual consumers if their 
tanks can be filled before the heating 
season starts. 

3) Greater certainty of overall 
supply, adequacy for next winter, 
particularly on the east coast, if the 
industry can move products forward 
into consumers’ tanks and use its own 
storage capacity fully for stock build- 
ing before the heating season starts. 


Reapplication Stub 


The stub at the bottom of the re- 
application form R-1167 is to be filled 
in by the applicant and the local 
board. The dealer’s name and ad- 
dress, together with a check mark 


in the box opposite the type of fuel 
oil, is to be filled in by the consumer. 
The local board will fill in the classi- 
fication of the consumer, and the 
amount of the ration. 

This information will be most valu- 
able in indicating to the supply and 
distribution committees not only next 
season’s rationed demand by type of 
fuel oil and by area, but also the 
amount that will flow through each 
channel of distribution. Accurate in- 
formation of this nature can be of 
great value in distributing the avail- 
able supply during the coming heat- 
ing year. 


Ration Banking 


Ration banking for consumers, 
dealers and suppliers will start July 
1, 1943. The following groups will 
participate: 

1) All primary suppliers. 

2) All dealers whose gallonage of 
all fuel oils amounted to 250,000 gai, 
from June 1, 1942, to May 31, 1943. 

3) All consumers both heating and 
nonheating, whose annual ration will 
exceed 50,000 gal. 

4) In addition, any consumer 
whose annual ration is between 20,000 
and 50,000 gal may, at his option, 
participate by securing a certificate 
from the local board instead of 
coupons. 

A person eligible for a fuel oil bank 
account must open the account at the 
bank in which he now maintains a 
dollar checking account. If he has no 
dollar checking account, or if his bank 
does not participate in ration bank- 
ing, he then may open the account 
at any bank which participates in 
ration banking. The bank will fur- 
nish ration checks, deposit slips, and 
signature cards to the depositor with- 
out charge. The expense of ration 
banking is borne by the government. 

After a ration bank account is 
opened, a depositor must thereafter 
deposit all fuel oil ration credits he 
receives, and must make all remit- 
tances covering the transfer of fuel 
oil in the form of ration checks. 

Only one ration bank account may 
be opened by any one consumer, un- 
less undue hardship is incurred and 
permission is obtained from the Office 
of Price Administration in Washing- 





Missouri only. 


2) No mandatory conversions of private dwellings, even when 


auxiliary rations are requested. 


TO CONTINUE CONVERSION OF 
| BUILDINGS OTHER THAN HOMES 


HERE’S a quick summary of the policy on conversion from oil fuel 
for the coming heating season, as announced last month by OPA: 


1) Continue present policy of mandatory conversions of heating 
equipment in buildings other than private dwellings, except in Florida, 
Georgia, Washington, Oregon, and Idaho, and except for buildings 
which used less than 10,000 gal of oil for the 1942-43 heating year in 
New England, North Dakota, South Dakota, Nebraska, Kansas, and 
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ton, D. C., to open more than one 
account. 

A dealer or supplier who operates 
more than one establishment may 
open one account for each establish- 
ment, or may have a single account 
cover all the establishments. 

Some companies have asked whether 
they could have their own checks 
printed (using a rubber stamp for 
inserting the name of the bank) to 
avoid handling a number of different 
check books. Such an arrangement 
may be made if all OPA specifica- 
tions are complied with. 


Gummed Sheets 


Gummed sheets for ration coupons 
will continue to be used instead of 
envelopes. 

The industry advisory council was 
in full agreement that gummed sheets 
are more desirable. There have been a 
few requests that the use of gummed 
sheets or envelopes be made optional. 
For several reasons the optional fea- 
ture seems undesirable. Some of 
these include the advantage of 
gummed sheets for ration banking, 
the reduced chances of errors and 
dishonesty, and the desirability of a 
uniform procedure for both gasoline 
and fuel oil. 

With the issuance of the larger 
denomination coupons, for the new 
rations, the labor involved in pasting 
coupons on the gummed sheets will 
be greatly reduced. 


Conversion Program for 1943-1944 


The conversion policy committee 
has completed a thorough study of 
the various aspects of the conversion 
program. The committee is composed 
of representatives of the War Pro- 
duction Board, Office of Civilian Sup- 
ply, Petroleum Administration for 
War, Solid Fuels Coordinator, Office 
of Defense Transportation, and the 
Office of Price Administration. 

The following policy is to be made 
effective: 

1) Continue the present policy of 
not requiring mandatory conversion 
of private dwellings. 

2) Discontinue the present policy 
of denying auxiliary rations to con- 
vertible private dwellings. 

3) Discontinue at once all govern- 
ment promotion by OWI, OPA, PAW, 
etc., urging the conversion of private 
dwellings to coal, with this decision 
to be reviewed on July 1 and Sep- 
tember 1. 

4) Continue the present OPA pol- 
icy of mandatory conversions of 
heating equipment in buildings other 
than private dwellings, using oil for 
heating or hot water, but with the 
following exceptions: 

a) No mandatory conversions of 
this type shall be made in Florida, 
Georgia, Washington, Oregon, and 
Idaho. 

b) No mandatory conversions of 
this type shall be made for installa- 
tions using less than 10,000 gal in 
the 1942-43 heating year in New 
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England, North Dakota, South Da- 
kota, Nebraska, Kansas, and Missouri. 

5) Continue present PAW policy 
of virtual mandatory conversion of 
industry users of oil for power and 
processing, but with the following 
exceptions: 

a) No mandatory conversions of 
this type shall be made in Florida, 
Georgia, Washington, Oregon, and 
Idaho. 

b) No mandatory conversions of 
this type shall be made of installa- 
tions using less than 10,000 gal in 
the 1942-43 heating year in New 


England, North Dakota, South Da- Up to that date, adjustment o! 


kota, Nebraska, Kansas, and Missouri. water allotments had not been 

6) Continue present OPA policy mitted for these residential struct 
of not requiring conversion of kero- defined as “residential premises 
sene range burners. than private dwellings.” 


Previously (Amendment 45), 
provided for similar adjustmen 
rations for apartment houses and 


EXTRA OIL RATIONS 
FOR HEATING WATER 


Apartment houses, rooming houses, ilar residential buildings using o 
hotels and similar residential buildings both heat and hot water. The M 
using fuel oil for hot water purposes action—contained in Amendment 6) 
only are now eligible to receive extra to the fuel oil ration regulations 
rations if basic hot water needs have tion Order 11)—extended this | 
increased, the Office of Price Adminis- sion to consumers using oil onl) 
tration announced May 7. hot water. 


VEW FILE CARD DEVISED BY LOCAL BOARD 


SIMPLIFIES REISSUANCE OF OL RATIONS 





Summary of Essential Data Avoids Reference to Cumbersome, Bulky 
Files, Permits More Use of Volunteer Help, Says E. M. Mittendorff 


THE FUEL section of the Office of 
Price Administration in Washington, 
D. C., recently sent to the local ra- 
tioning boards a directive covering 
preliminary instructions regarding 
the issuance of fuel oil rations for the 
period from October 1, 1943, to Sep- 
tember 30, 1944. Before these new ra- 
tions are issued, it will be necessary 





After that, each board has to address workers in this routine work of iss 
the envelopes and send the new ap- ing the 1943-1944 rations on fue! 
plication forms to each consumer. They have designed a filing card 


shown here (actual size). After 

the information about a particular « 
consumer has been filled in, no fu 
ther reference has to be made to t! 
old, cumbersome files and any volur 
teer worker can address envelop 


These old files have become very 
cumbersome lately due to the issu- 
ance of auxiliary rations either on 
form 1104 or 1134 or because of 
change of occupancy or other rea- 


















































; ; sons. 
to review and compile the data on all and forms to be sent to the oil cor 
applications for which a ration was Two ladies, Mrs. Purdy and Mrs. sumers. 
issued for the past heating season. Boettiger, members of the Glencoe, We believe that this form will 

a ~_ Ill., local rationing board gave this interesting to all local rationing 
Sarco Co. is an OPA consultant on fuel matter some thought—particularly boards and to all engineers , 
oil rationing. with the idea to use more volunteer ration areas. 

NAME ADDRESS 
1942-43 RATIONS 1943-44 RATIONS 
Appl. Rec’d| Processed (Coup. Mailed 
Original (n) BASIC— 
Adjustments || Auxiliary 
due to changes in: || (1104) BASIC RATION 
Bi 
|| Hardship 
Measurement | (1134) BALLAST 
| 
|| Corrected 
Occupancy || Invariory 
Heat History Ballast COUPONS ISSUED 
Coupon Value 
Increase 
TOTAL: 
BASIC 
RATION 
FURL eR ST 
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WATER SPRAYED DIRECT 
EXPANSIUN COILS 


¢ Their Theory and Characteristics -« 


Although Used Extensively in the Manufacture and the Testing of War 
Goods, the Fundamentals of Such Coils Have Never Before Been 
Analyzed as Completely as in This Treatment by William Goodman 


OUR DISCUSSION of the theory and 
characteristics of water sprayed di- 
rect expansion coils is continued from 
the April and May issues of HPAC: 


Increasing Capacity of Coil 


Occasionally, after a sprayed coil 
is installed, an attempt is made to in- 
crease its capacity by increasing the 
quantity of air flowing over the coil. 
It is obvious that if the coil is oper- 
ating at, say, 200 cfm per 100 sq ft 
in Fig. 7 (see p. 244, May HPAC), 
an increase to 400 cfm per 100 sq ft 
will result in a very material increase 
in the refrigerating capacity of the 
coil. The capacity will increase from 
1.19 tons to 1.91 tons, or 60 per cent. 
On the other hand, if the coil is al- 
ready operating at 400 cfm, an equal 
increase of 200 cfm to 600 cfm will 
result in a much smaller percentage 
increase in coil capacity. The increase 
will be from 1.91 tons to 2.34 tons, or 
an improvement of 22 per cent. 
Whether or not the capacity of a 
sprayed coil can be increased by in- 
creasing the quantity of air flowing 
through it depends entirely upon the 
quantity of air the coil is cooling be- 
fore the change is made. 

One point must be watched in con- 
nection with increasing the quantity 
of air flowing through a coil. In air 
conditioning systems, the air quantity 
flowing through the cooling coil can- 
not be increased indiscriminately if a 
given temperature and humidity is to 
be maintained in the conditioned 
room. To absorb a given quantity of 
heat and moisture in a room, a def- 
inite relationship must be maintained 
between the quantity of air supplied 
and the wet bulb temperature of the 
air supplied. This is discussed fur- 
ther in the following sections. 


Air Quantity 


The total quantity of air to be sup- 
plied to a conditioned space depends 
only upon the total internal heat gain 


Copyright, 1943, by William Goodman. 


of the room and the difference be- 
tween the enthalpy of the supply air 
and the enthalpy of the air in the con- 
ditioned space. For example, if point 3 
on the skeleton psychrometric chart 
of Fig. 8 represents the state of the 
air in the conditioned room and point 
2 the state of the air leaving the 
sprayed coil and being supplied to the 
room, the amount of air to be sup- 
plied—for any one given internal total 
load in the room—will depend only 
upon the distance between points 2 





SUMMARY—Sprayed direct ex- 
pansion coils are widely used in 
air conditioning and refrigera- 
tion work. Coils sprayed with 
water are used in air condition- 
ing, and brine sprayed coils are, 
of course, used in low tempera- 
ture air conditioning and refrig- 
eration installations. Because 
such coils are used extensively 
today for all kinds of manufac- 
turing and testing in connection 
with the war effort, a funda- 
mental treatment of their theory 
and characteristics is especially 
timely. In spite of the fact 
that such coils have been used 
for many years, such a treat- 
ment has never before been pub- 
lished. In the article of 
which this is the third part, the 
theory and characteristics of 
water sprayed coils are covered 
in a simple and thorough fashion 
with many illustrative exam- 
ples to show not only how the 
characteristics of such coils are 
computed, but also to show the 
effect of variations in the vari- 
ous quantities which affect the 
performance. A thorough un- 
derstanding of the basic charac- 
teristics and theory of sprayed 
coils should result in much more 
efficient and _ satisfactory  in- 
stallations. ... Mr. Goodman is 
consulting engineer, the Trane 
Co., and a member of HPAC’s 
board of consulting & contrib- 
uting editors. 
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and J [see p. 120 of the author's book, 
Air Conditioning Analysis]. The small 
er the distance between points 2 and 
3}, the greater will be the quantity of 
air that must be supplied to the con- 
ditioned space. 

After point 2 has been selected, the 
weight of cold air that must be cir 
culated can be computed from. th 
following formula 

Q 
G [9] 
h hs 
Cooling Cycle on the Psychrometric 


Chart 


Before it is possible to discuss the 
selection of coils for any particular 
set of conditions, an understanding is 
essential of the complete cycle to 
which the air is subjected as it is 
cooled and dehumidified in the coil 
and then heated and humidified in the 
conditioned space. These cycles can 
best be illustrated on the psychro- 
metric chart. After the cycles as they 
are illustrated on the psychrometric 
chart are understood, the various fac 
tors influencing the selection of coils 
can be comprehended more easily. 

As has been shown [p. 120 of the 
book, Air Conditioning Analysis], to 
maintain the air in a conditioned room 
or refrigerated space at a definite 
temperature and relative humidity, 
the state of the air supplied to that 
room must lie somewhere along the 
moisture ratio line (also called the 
sensible heat percentage line) for 
that room. For example, on the skele 
ton psychrometric chart of Fig. 8, 
point % represents the state of the air 
to be maintained in the conditioned 
room. Line 8-5 represents the mois 
ture ratio line for that room. The 
moisture ratio line is drawn at an 
angle which depends only upon the 
ratio of the total heat to the moisture 
which must be absorbed in the room 
to maintain state %. To maintain the 
air in the room in state 8, the air 
leaving the cooling coils and delivered 
to the refrigerated space must be in 
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some state which can be represented 
by a point like 2 along the moisture 
ratio line 3-5. 

As has previously been shown, when 
air is cooled by a sprayed coil, the 
change in the condition of the air 
takes place along the condition line— 
the line drawn on the psychrometric 
chart between the point representing 
the state of the entering air and the 
point on the saturation curve repre- 
senting the temperature of the spray 
water. If all recirculated air (that is, 
no outdoor air) were supplied, the air 
would enter the sprayed coil in the 
condition represented by point 3 and 
be cooled to some point like 2 along 
line 8-5. Point 5 would, of course, 
represent the required temperature of 
the spray water. In this case, the 
moisture ratio line for the room and 
the condition line would coincide. 


On the other hand, if a part of the 
air supply came from the outdoors 
and only the remainder were recir- 
culated from the room, the air enter- 
ing the sprayed coil would consist of 
a mixture of return and outdoor air. 
In this case if point 4 of Fig. 8 repre- 
sents the outdoor air and point 3 the 
return air, the state of the mixture 
entering the sprayed coil would be 
represented by a point like 7 on line 
8-4 [see p. 107, Air Conditioning 
Analysis]. Consequently, in Fig. 8 
where point / represents the condi- 
tion of the air entering the sprayed 
coil and point 2 represents the re- 
quired condition of the air leaving the 
sprayed coil, point 6 on the saturation 
curve represents the temperature at 
which the spray water must operate if 
air in the state represented by point 
2 is to be obtained from the coil. 


Fig. 8—Diagrammatic illustration on skeleton psychro- 
metric chart of air conditioning cycle for a constant 
percentage of outdoor air 





Point 2 must, of course, always lie at 
the intersection of lines 1-6 and 3-5. 

Summarizing, air entering the 
sprayed coil in the state represented 
by point / is cooled to state 2 in 
which condition it is then delivered 
to the room where it absorbs heat and 
moisture as its state changes from 
point 2 to point 3. Air in state 3 is 
withdrawn from the room and mixed 
with outdoor air in state 4 resulting 
in a mixture represented by state /; 
this mixture is then drawn through 
the sprayed coil and the entire cycle 
repeated. 


Effect of Outdoor Air on Cooling 
Cycle 


In determining the effect of outdoor 
air on the cooling cycle, two separate 
cases must be considered because the 
quantity of outdoor air to be supplied 
is commonly determined by one of two 
different methods. In the first case, 
the quantity of outdoor air to be sup- 
plied is specified as a constant per- 
centage of the total air that is to be 
circulated. In the second case, the 
volume of outdoor air to be supplied 
is specified. 

In the first case in which a constant 
percentage is specified, the location of 
point 7 along line 8-4 of Fig. 8 would 
remain fixed in position, and would 
depend only upon the specified per- 
centage. The distance 3-1 would bear 
the same proportion to the distance 
8-4 as the percentage of outdoor air 
would bear to the total. In other 
words, if the outdoor air is specified 
as 35 per cent of the total air cir- 
culated, then the distance 3-1 would 
be 35 per cent of the distance 3-4. 

As long as point 7 remains fixed in 





SPECIFIC HUMIDITY 








position, it is obvious that the va» oy. 
condition lines representing the 99). 
ing of the air in the spray cha: he; 
will all originate at point J as s)ow) 
by the dotted line and by the oli, 
line 1-2 of Fig. 8. The tempers ur, 
of the spray water is read at point ¢ 
where condition line 1-2 intersects the 
saturation curve. The dotted line of 
Fig. 8 shows a condition line fo, 
which the spray water is at a hiche 
temperature than for line 1-2. Fo, 
cooling along the dotted line, the re. 
quired final temperature of the ai; 
and the temperature of the spray 
water both lie closer to point 5 thar 
they do for line 1-2. 

For the second case in which th 
volume of outdoor air is to be heli 
constant, the percentage of outdoor 
air in the mixture will change wit! 
every change in the location of poin: 
2 of Fig. 9. As point 2 moves close; 
to point 5, it is obvious that th 
weight of air to be circulated wil! de. 
crease. However, inasmuch as th 
volume of outdoor air is to be hel: 
constant, the percentage of outdoor 
air in the mixture will consequent) 
increase. If the percentage of out- 
door air in the mixture increases, 
point 7 must move up closer to point 
4 in Fig. 9. Hence, it is apparent that 
the location of point 1—which repre. 
sents the condition of the air entering 
the spray cooler — will change with 
the location of point 2. 

If a lower final air temperature is 
selected along line 3-5 than the on 
represented by point 2, the new con- 
dition line will appear like the upper 
dotted line in Fig. 9. In this cas 
also, as point 2 moves down toward 
point 5, the temperature of the spray 


Fig. 9—Diagrammatic illustration on skeleton  psychro- 
metric chart of air conditioning cycle for a constant 
volume of outdoor air 
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TEMPERATURE 


or 


SPECIFIC HUMIDITY 
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‘ater moves up toward point 5. No- 
ice that this new dotted condition 
ine is parallel to condition line 1-6. 
4] of the condition lines through the 
various final temperatures along line 
_5 will be parallel to each other. This 
act is proven in the footnote* below. 
In both Figs. 8 and 9, the highest 
spray water temperature which can 
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For Bikjope [see p. 55 of the author’s book, 
© te Bair Conditioning Analysis] of condi- 

“ir Bition line 1-2 is 
pray 
than hi — hz 

, ee [a] 
. th — 
n (hi — hs) + (hs — he) 

held “ ...[b] 
door (w, _ Ws) + (Ws _ We) 
With According to equation 9, 
point Qi/G = fha— he oo cece eee ee ene [ce] 
loser Similarly, 

the W, iG SS Wa We cece cee cece cece [d] 
| de. It can be shown that [p. 159, Air 
the ‘onditioning Analysis], 
I ~ Q./G = hi — hs beaeesceotsecoeee [e] 
reld ‘And 

loor ? + . . f 
: WIG Wi — Ws we ecw eens {f] 
ntl Substituting equations (c) to (f) 
out- inclusive into (b), 
ases, Qa. + Q: 
point Qs wee ee ee eee {g] 
that Ww. + Ww, 
.pre- The quantities Q, and W, are con- 
rin stant. The quantities Q. and W,. are 
with also constant [pp. 159-160, Air Con- 


ditioning Analysis] because 
‘ Q.= G. (hy — hs) eeteeceeone {h] 
re is and 


one WwW. — G. (Ww, — Ws) ceoeeeesese [i] 


_ Inasmuch as all the quantities in 
su the righthand member of equation 
wee (g) are constant, the slope of line 








theoretically be used is, of course, the 
temperature represented by point 5. 
Any spray water temperature higher 
than this would result in the failure 
of lines 1-6 and 3-5 to intersect to the 
right of the saturation curve. In 
other words, point 2 representing the 
intersection of these two lines should 
lie on line 8-5 to the right of the 
saturation curve. Although a point of 
intersection to the left of the satura- 
tion curve can theoretically be used, 
such a point of intersection is imprac- 
tical because fogged air would be 
needed to satisfy the conditions of the 
problem. 


In Fig. 8 the value of the theoreti- 
cal minimum possible spray water 
temperature is obtained at the point 
where line 1-6 is tangent to the satu- 
ration curve. This is true providing 
the lowest refrigerant temperature is 
not fixed. If the lowest refrigerant 
temperature is fixed at a temperature 
higher than that at the point of 
tangency, then, of course, the lowest 
theoretical spray water temperature 
is equal to the refrigerant tempera- 
ture. 


There is also a theoretical minimum 
spray water temperature for the case 
illustrated in Fig. 9. This minimum 
spray water temperature is obtained 
by drawing through point 3 of Fig. 9 
a condition line parallel to the other 
condition lines like 1-6. The minimum 
spray water temperature is then read 
at point 8 where the dotted line 
through point 3 intersects the satura- 
tion curve. 


Refrigerating Capacity 


upon the total internal heat gain of 
the conditioned space. In this case the 
refrigerating capacity will be con- 
stant and independent of the tempera- 
ture of the air supplied to the condi- 
tioned room; that is, the refrigerating 
capacity will be independent of the 
location of point 2 along line 3-5 of 
Fig. 8. 

In selecting sprayed coils, it is nec- 
essary to consider the effect of the 
weight of outdoor air supplied on the 
refrigerating capacity for which the 
sprayed coil is to be designed. The 
total refrigerating capacity required 
is the sum of two separate parts: The 
first part depends only upon the total 
internal heat gain of the room. The 
second part depends only upon the 
heat which must be removed to re- 
duce the enthalpy of the outdoor air 
down to the enthalpy of the room air. 
In other words, the additional refrig- 
erating capacity required for the out- 
door air depends only upon the heat 
removed in cooling the outdoor air 
from point 4 to point 2 of Fig. 8 
[see p. 158, Air Conditioning Analy- 
sis]. The refrigerating capacity re- 
quired to offset the total internal heat 
gains of the room is constant at all 
times and independent of the amount 
of outdoor air supplied just as it 
would be if no outdoor air at all were 
used, The second part due to the out- 
door air can either vary or be con- 
stant depending upon how the quan- 
tity of outdoor air to be supplied is 
determined. 

As stated in the preceding section, 
the quantity of outdoor air to be sup- 
plied is commonly determined by one 
of two methods: In the first case, the 





yard 1-2 of Fig. 9 is constant regardless of If no outdoor air is supplied to the quantity of outdoor air to be supplied 
‘tt the location of point 2 along line 3-5 conditioned room, the refrigerating is specified as a constant percentage 
of Fig. 9. capacity required will depend only of the total air that is to be circu- 
hro- 
tant LE TT Ss a aan eS A NOR i RO 
Symbols 
A= area, sq ft; lb of dry air; t’,== final wet bulb temperature 
e = 0.24, specific heat of air; h,=enthalpy (total heat con- of air F; 
f, = coefficient of heat transfer tent) of outdoor air, Btu per U = overall coefficient of heat 
between air and water lb of dry air; transfer from spray water 
(through air film), Btu per h. =enthalpy (total heat con- to evaporating refrigerant, 
hr _ deg per sq ft; tent) of saturated air at a Btu per hr per deg per sq ft 
je = coefficient of heat transfer temperature equal to the (defined by equation 4); 
between wall of metal tube temperature of the spray W, = moisture gain of conditioned 
and evaporating refrigerant water, Btu per lb of dry air; room, lb per hr; 
(refrigerant film coefficient), M =a quantity defined by equa- W.. = moisture removed from out- 
Btu per hr per deg per sq ft; tion 2; door air in dehumidifying it 
f~ = coefficient of heat transfer Q = total quantity of heat re- down to room condition, lb 
between water and metal moved from the air, Btu per per hr; 
wall of tube (water film T; w, = initial specific humidity of 
| coefficient), Btu per hr per Q, = total internal heat gain of air entering sprayed coil, lb 
deg per sq ft; conditioned space (equals per lb of dry air; 
G = weight of dry air through sum of sensible and latent w, = final specific humidity of air 
coil, Ib per hr; heat gains), Btu per hr; leaving sprayed coil, lb per 
G, = weight of outdoor air sup- Q. = heat removed in cooling out- lb of dry air; 
» plied to conditioned space, door air to room condition, «, = specific humidity of air in 
lb per hr; Btu per hr; conditioned room, lb per Ib 
; h, = initial enthalpy (total heat q==slope of line on _ psychro- of dry air; 
? content) of air entering metric chart; w, = specific humidity of outdoor 
ri sprayed coil, Btu per lb of R= ratio of external to internal air, lb per lb of dry air; 
; ry air; surface of coil; Ww.» = specific humidity of saturated 
3 h,= final enthalpy (total heat tx == temperature of refrigerant, air at a temperature equal 
z content) of air leaving : to the temperature of the 
sprayed coil, Btu per lb of t= —— of spray water, spray water, lb per lb of dry 
ry air; ° alr; 
hs=enthalpy (total heat con- t’,; = initial wet bulb temperature Z=a quantity that depends on 





tent) of room air, Btu per 
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of air F; 
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M (see Table 1). 
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lated. In the second case the volume 
r outdoor air to be supplied is speci- 
ed. 


In the first case, in which a con- 
stant percentage is specified, the re- 
frigerating capacity required to cool 
the outdoor air will vary with the 
total weight of air circulated. Sup- 
pose in Fig. 8 that a mixture of re- 
turn air in state 3 and outdoor air in 
state 4 enters a sprayed coil. The 
state of the mixture will be repre- 
sented by point 7. Obviously the air 
entering the sprayed coil in the con- 
dition represented by point 7 must be 
cooled to point 2 if the air in the 
room is to be maintained in the state 
represented by point 8. 


As is apparent from equation 9, the 
total quantity of air which must be 
circulated depends only upon the dis- 
tance between points 2 and # and the 
total internal heat gain of the condi- 
tioned room. Inasmuch as the outdoor 
air in the mixture is a constant per- 
centage of the total quantity that 
must be circulated, the weight of 
outdoor air supplied will also vary 
with the location of point 2 along line 
8-5. Consequently, as long as points 
4 and $ are constant, the portion of 
the refrigerating capacity required 
to cool the outdoor air will vary with 
the location of point 2 along line 8-5 
of Fig. 8. The smaller the distance 
between points 2 and 8, the greater 
will be the total quantity of air that 
must be supplied and the greater will 
be the refrigerating capacity required 
to cool the outdoor air. Hence, be- 
cause the refrigerating capacity re- 
quired for the internal heat gain of 
the room is constant, the smaller the 
distance between points 2 and 8, the 
greater will be the total refrigerating 
capacity required. Conversely, the 
greater the distance between points 
2 and $—that is, the smaller the dis- 
tance between points 2 and 5—the 
smaller will be the weight of air that 
must be circulated and the smaller 
will be the required total refriger- 
ating capacity. 

In the second case in which a con- 
stant volume is specified, the part of 
the refrigerating capacity required to 
cool the outdoor air is constant and 
independent of the total weight of air 
to be circulated. Consequently, the 
total refrigerating capacity is also 
constant and independent of the 
weight of air to be circulated. In 
other words, the required total refrig- 
erating capacity is independent of the 
location of point 2 along line 3-5 of 
Fig. 9. 


Selecting Coil for a Constant 
Percentage of Outdoor Air 


Only the case in which the percent- 
age of outdoor air to be supplied is 
constant will be discussed in this sec- 
tion. In the sections which follow, 
the discussion will cover the case in 
which the quantity of outdoor air is 
constant; and the case in which no 
outdoor air is supplied, only recircu- 
lated air being used. 
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When selecting a coil for a definite 
application, it is desirable, if possible, 
not to fix the temperature of the re- 
frigerant in advance. Instead, either 
the temperature of the spray water 
or the temperature to which the air is 
to be chilled should be selected first. 
Which of the two is chosen first is im- 
material. The case in which a coil 
must be selected for a given refrig- 
erant temperature is discussed later. 

To select a coil, point 7 is located 
along line 3-4 of Fig. 8. The location 
of point 1, of course, depends upon the 
constant percentage of outdoor air to 
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A/G, the surface area required per 
pound of air, can be found by means 
of equation 2, p. 166, April HPAc 
Once Q/G and A/G have been deter. 
mined, the ratio Q/A can be found 
after which the value of tr, the re 
quired refrigerant temperature, cay 
be found by means of equation ), » 
167, April HPAC. The following ey. 
ample illustrates the method of select. 
ing a sprayed coil for a constant 
percentage of outdoor air. 

Example 5—The air in a condi. 
tioned room is to be maintained 
80 F dry bulb and 67 F wet bulb 


75 
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AREA PER TON OF INTERNAL LOAD 
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54 55 56 57 


SPRAY WATER TEMP -F 


Fig. 10—Characteristic curves for an installation in which percentage of outdoor 
air is to be constant 


be supplied. Next, point 6 represent- 
ing the temperature of the spray 
water can be chosen at some value 
which lies below point 5. A line drawn 
from point 1 to point 6 intersects the 
moisture ratio line 3-5 at point 2, 
which represents the final condition 
to which the air should be chilled for 
the selected spray water temperature. 

After first selecting either the spray 
water temperature or the final air 
temperature, the total weight of air 
to be circulated to the conditioned 
room can be computed by means of 
equation 9. After the weight of air 
has been determined, the required 
refrigerating capacity of the coil can 
be figured from the fact that the air 
is to be cooled by the sprayed coil 
from point 7 to point 2 of Fig. 9. The 
ratio Q/G can now be figured. Know- 
ing the ratio Q/G and the quantity 
(hi: —hw), equation 1 [p. 166, April 
HPAC] can be used to solve for Z. 
(kh, is, of course, the enthalpy at 
point 7 and he is the enthalpy of 
saturated air at the temperature rep- 
resented by point 6 of Figs. 8 and 9.) 
The value of M corresponding to the 
computed value of Z can then be 
found in Table 3, p. 245, May HPAC. 
From this value of M, the value of 


(point 3 of Fig. 8). The total in. 
ternal heat gain of the room (sensibi: 
plus latent) is 12,000 Btu per hr, or 
1 ton. The ratio of the total heat 
gain to the moisture gain in the room 
is such that the moisture ratio line 
8-5 of Fig. 8 intersects the saturation 
curve for a 29.92 in. barometer at a 
temperature of 57 F (point 5). 
The outdoor air is at 95 F dry bulb 
and 75 F wet bulb (point 4). The 
quantity of outdoor air to be supplied 
is to be 35 per cent of the total air 
circulated to the conditioned space. 
Assume that the temperature of the 
spray water is to be 54 F, and that 
fe = 10 and U = 25, Find: (a) The 
wet bulb temperature of the air sup- 
ply. (b) The volume of standard air 
that must be supplied. (c) The total 
load on the coil. (d) The area of 
surface required. (e) The tempera 
ture of the boiling refrigerant. 
Solution 
a) On line 8-4 of Fig. 8, so locate 
point 7 that the distance 1-8 is 35 per 
cent of the distance 8-4. Point /. 
therefore, represents the constant 
initial condition of the air entering 
the coil. Next draw the moisture ratio 
line 3-5. Then locate point 6 where 
the vertical line of temperature for 
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54 F intersects the saturation curve 
of 29.92 in. Next draw line 1-6. Lo- 
cate point 2 at the intersection of 
lines 1-6 and 8-5. The wet bulb tem- 
perature of the air to be supplied to 
the conditioned room is 63.2 F as read 
at point 2. 

b) From Table 5 [p. 247, May 
HPAC] for t’: = 67 F, hs = 41.57 
Btu, and for t's = 63.2 F, hs = 38.68 
Btu. Using equation 9, 


12,000 
~~ 41.57 — 38.68 


= 4150 lb of air per hr 
‘end ton of internal 
oad. 


4150 


60 < 0.075 


= 922 cfm per ton of 
internal load. 


c) The total heat which must be 
removed by the coil is the heat re- 
moved in cooling 4150 lb of air from 
point 1 to point 2. For t’, = 70 F, 
h, = 44.03 and for tt’, = 63.2 F, 
hs — 38.68. 


Q= 4150 (44.03 — 38.68) 

= 22,200 Btu per hr. 

= 1.85 tons per ton of internal 
load. 
22,200 


4150 
= 5.35 Btu per lb of air cir- 
culated. 


For te = 54 F, hw = 32.58 Btu, 
using equation 1 [p. 166, April 
HPAC], 


Air volume = 


d) 





Q 
G 


5.35 
z= = 0.467 
(44.03 — 32.58) 


Referring to Table 3 [p. 245, May 
HPAC] for Z = 0.467, M = 0.629. 

Using equation 2 [p. 166, April 
HPAC], 





10 A 

— X —=— 0.629 

0.24 G 

or 
A 0.24 
— = 0.629 x —— 
G 10 
= 0.0151 sq ft per lb of 


air per hr. 
A = 0.0151 X 4150 
= 62.7 oo ft r ton of 
internal uty 
e) To determine the refrigerant 
temperature, first find Q/A by divid- 
ing Q/G by A/G, 
Q 5.35 


A 0.0151 
= 354 Btu per hr per sq ft of 
surface. 





From i $ i 
HPAC], equation 3 [p. 167, April 
Q 


Se GN Ges tee ete vee 


UA 


1 
= 64—— x 354 
25 


= 54— 14.2 
= 39.8 F, required refrigerant 
temperature. 


Example 5 was solved on the basis 
of 1 ton of internal load. The method 
of solving the problem would be ex- 
actly the same regardless of the mag- 
nitude of the internal load. The area 
and cfm required for an internal load 
of any magnitude can, of course, be 
obtained by multiplying the quantities 
per ton by the actual internal load. 
The area and cfm expressed on the 
basis of internal load are of interest 
because the internal load is constant 
for any one given set of conditions. 
Consequently the variation in the air 
quantity and area with different as- 
sumed spray water temperatures can 
be seen quite clearly when these quan- 
tities are calculated on the basis of 
1 ton of internal load. 

Notice in example 5 that the actual 
values of Q and G are not required, 
but only the ratio Q'G. The value of 
Q/G can be figured directly from the 
following obvious equation. 


The use of equation 10 is somewhat 
shorter than the method used in ex- 
ample 5. However, the method used 
in example 5 was adopted because it 
shows more clearly the effect of the 
spray water temperature on the total 
load on the coil and the air quantity 
required, 

Suppose in example 5 that the indi- 
vidual values of Q and G had not been 
found, but only the value of the ratio 
Q/G had been determined directly by 
means of equation 10. Example 5 
could then have been solved by first 
finding the ratio of the internal load 
to the total load, that is the ratio of 
Q/Q:. The value of Q/Q, can be 
found from the following formula ob- 
tained by dividing equation 10 by 
equation 9. 


Q h, — h. 
wee SE ee gt cece eces {11] 
Q: hs — hs 

The values of G/Q and A/Q were 
obtained in example 5. Multiplying 
these values by Q/Q; would have 
given directly the values of A/Q, and 
G/Q: required. 

Note that the internal load is al- 
ways less than the total refrigerating 
capacity of the sprayed coil if outdoor 
air is used. For instance, in example 
5 the internal load was 1 ton whereas 
the total load on the coil is 1.85 tons. 

For any particular example, it is of 
interest to assume a series of spray 
water temperatures and determine 
the variation in cfm per internal ton 
and the surface required per internal 
ton. This was done for the conditions 
of example 5 and the results are 
plotted in Fig. 10. This figure shows 
that the cfm per internal ton de- 
creases as the spray water tempera- 
ture is increased. This decrease is to 
be expected because as point 6 of Fig. 
8 moves up toward 5, point 2 also 
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moves down toward 5, thus increasing 
the spread between points 2 and 3 
and decreasing the quantity of air 
required. 

The most important fact illustrated 
by Fig. 10 is that the area per in- 
ternal ton shows a definite minimum 
at one spray water temperature. In 
Fig. 10 this minimum occurs at a 
spray water temperature of about 
53.2 F for which the area required 
per internal ton is 62.3 sq ft. The 
refrigerant temperature correspond- 
ing to this minimum area is 37.7 F. 

Occasionally the refrigerant tem- 
perature required for the minimum 
area may be too low or the quantity 
of air to be circulated may be too 
great. The latter is the case for Fig. 
10 where the air volume correspond- 
ing to the minimum area is almost 
1100 cfm per ton of internal load. 
This is larger than the air volumes 
usually provided. In this case it would 
be necessary to compromise between 
a smaller air volume and a greater 
area. The air volume can be de- 
creased considerably with only a rela- 
tively small increase in area. For 
example, if instead of selecting a 
spray water temperature of 53.2 F, 
a spray water temperature of 55 F is 
selected, the required air quantity 
will fall from 1100 cfm to 740 cfm, 
whereas the required area will in- 
crease only from 62.3 sq ft to 65.5 
sq ft. If the spray water tempera- 
ture is raised to 55.5 F, the air quan- 
tity will drop to 640 cfm and the re- 
quired area will increase to 69 sq ft. 
In selecting coils and air quantities 
for installations using sprayed coils, 
compromises must frequently be made 
to achieve a satisfactory balance be- 
tween area, air quantity, and refrig- 
erant temperature. 

The reason that a point of minimum 
area occurs in Fig. 10 can be ex- 
plained as follows: As the spray 
water temperature is lowered, that is 
as point 6 of Fig. 8 moves down, the 
surface required decreases. The rea- 
son for this is that the distance be- 
tween points 2 and 6 increases. On 
the other hand, as point 6 moves 
down, point 2 moves closer to point 
%. This means that the quantity of 
air which must be circulated in- 
creases. Inasmuch as the weight of 
outdoor air to be supplied is a con- 
stant percentage of the weight cir- 
culated, the refrigerating capacity 
required for the outdoor air continu- 
ally increases as point 2 approaches 
point 2, or as point 6 moves down- 
ward. As previously stated, as point 
6 moves down, the required area tends 
to decrease because of the separation 
of points 2 and 6. Eventually, how- 
ever, the increase in area due to 
the increasing refrigerating capacity 
more than offsets the decrease in area 
due to the separation of points 2 and 
6. Hence, as point 6 moves down- 
ward, the area will pass through a 
minimum and will increase again be- 
cause of the rapid increase in total 
refrigerating capacity required. 
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STORY OF PIPING 





Reproduction of an old pen and ink 


SUMMARY — It’s always interesting to review the beginnings of 
an art as important to mankind as is piping. In this, the second 
of a group of articles scheduled for publication in HPAC, Mr. 
Hasselmann — of Tube Turns, Inc. — continues his review of the 
early development of our “greatest transportation system.” 


drawing of the Pont du Gard in 
southern France. It represents the 
later, more artistic construction of 
the famous Roman aqueducts. The 
water channel runs along the top 
tier of arches; the lower tier is the 








CARTHAGE WAS founded in 850 B. C. 
in what is now Tunisia, where Amer- 
ican soldiers and their allies fought 
the remnants of the axis’ “Afrika 
corps.” One of the remains of this 
ancient city will be familiar to every 
American soldier that returns from 
that area—the municipal reservoir, 
which consisted of 18 separate sec- 
tions, each 100 ft long, 20 ft wide and 
20 ft high, including a vaulted roof. 
This reservoir was so well construct- 
ed that it exists today in a remark- 
able state of preservation, though used 
for 2300 years and more for every- 
thing from holding water to housing 
donkeys. Every worthwhile Cartha- 
genian residence had its own cistern 
and this large reservoir, to which was 
conducted rain water from a nearby 
slope, was supplementary. 


Stone Piping 
Another landmark is a huge aque- 


duct built by the Romans. Carthage 
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was a powerful military and economic 
competitor that constantly threatened 
the Romans but the Romans eventual- 
ly won the final playoff, held at Car- 
thage about 150 B. C. Their soldiers 
were told to pillage the city and lay 
it flat. Many years later the Romans 
rebuilt Carthage as a colony and in- 
stalled an excellent water system. The 
aqueduct, 60 miles long, brought 
spring water from the distant moun- 
tains. 

Some of the distributing mains the 
Romans laid down were stone piping 
with a bore of 2 in., a groove at one 
end and an extending lip on the other. 
The lips fitted tightly into the grooves, 
maintaining position and minimizing 
leakage. 

The First Roman Aqueduct 

The first Roman aqueduct, complet- 
ed 312 B. C., was built at public ex- 


pense and the munificence of individ- 
uals. It delivered its water to three 


bridge for the famous old Roman 


road in that area 


er; > Se he 2 











terminals or reservoirs, whic! 
placed at different elevations 


highest supplied water to the | 


of the wealthy, the middle 


fountains and, later, to public ! 


and the lowest to the public 
basins. Why, the records do! 
us, but probably the homes 
wealthy were highest-up on 
mous hills of Rome. 

The Rome of that time wa 
parable to the New York City 


1830’s—lusty, dusty, extremel) 


intoxicated with its growing 
A very active rich class, the 
cians, directed its thriving i 
and commerce, its republican ¢ 
ment, and its military establis! 
It was a city of predominantly 


en buildings and was just then ¢ 


its first paved streets. The ma 


er was an open ditch that dram 
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downtown Rome and the nearby cattle 
market. 


Bronze and Silver Piping 


Pergamum, in Asia Minor, was so 
well built that many of its water 
mains were of bronze piping. Bronze 
piping that led into its famous library 
would hold water today. 

The only known ancient water sys- 
tem that would hold water under con- 
siderable pressure was at Pergamum, 
built about 180 B. C. by a king to sup- 
ply his palace. The water was con- 
ducted from a mountain for several 
miles over a course that varied in 
elevation above sea level by approxi- 
mately 200 ft, and the piping had to 
contain a pressure of 16 to 20 atmos- 
pheres. The pipes were probably 
bronze and were covered by stones, 
cut to fit around the pipe. The stones 
remain, though the metal was sal- 
vaged in the intervening centuries; 
how the pipes were formed and joined 
cannot therefore be determined. Pos- 
sibly to outdo Pergamum, a rich Ro- 
man later had silver water piping in- 
stalled in his villa near Rome. 


A Nation of Bathers 


In the century preceding Christ the 
Romans began the building of their 
famous public bathing establishments, 
eventually having so many and such 
inexpensive ones that everyone could 
enjoy the luxury daily. Some of 
these baths were magnificent struc- 
tures. 

The baths of the emperor Diocletian 
accommodated 3200 bathers. There 
was a huge cold water swimming 
pool and a large hot water bath sur- 


Srounded by acres of rooms and gym- 


nasium facilities for every kind of 
play and sport. The baths of Cara- 
calla (nickname for another emperor) 
occupied an area approximately the 
same as that now occupied by New 
York City’s Pennsylvania station. Its 
faucets were solid silver, piping was 
bronze. Instead of taking favored 
guests to the club, the Roman host 
took them to the public bath; after a 


sought shelter in 
grandeur of the 


professional man 
the coolness and 
public bath. 


Central Warm Air Heating 


However, private bathrooms were 
enjoyed by the wealthy classes long 
before and during the public baths. 
In a typical upper class home in Pom- 
peii, the bath itself was a complete 
room, the entire floor being sub- 
merged. Three or four steps led down 





Vertical cross section of a three 

channel Roman aqueduct. This en- 

abled carrying three different kinds 

of water over the same arches, or 

increasing capacity without widen- 
ing arches 


to it from the floor level of the main 
part of the house. The floor of the 
bath was of concrete slabs and the 
walls were lined with marble back of 
which were hollow terra cotta tile. 
In a hollow place under the floor, 
called the hypocaust, a fire would be 
built, the heat passing up through 
the hollow walls and warming the 
water and the air above it. This bath- 
room was a type found all over the 
ancient world where the Romans were 
influential. 


In cool weather the warm air from 


through the whole house. Also, after 
the bath was over and the fire burned 
out, a vent was opened to permit the 
smokeless air, heated by the hot walls 
and supporting structures under the 
bathroom, to circulate through the 
house. This probably led to heating 
systems where all the heat was circu- 
lated through terra cotta pipes and 
tile to the rooms above. In Ostia, 
the seaport city of ancient Rome, the 
wealthy middle class lived in beautiful 
apartment buildings, 10 or more 
apartments to each building and all 
heated by warm air conducted 
through baked clay pipes from a fur- 
nace room in the basement. These 
heating systems were not very effi- 
cient, but then there were plenty of 
slaves to haul fuel and to stoke. It 
is interesting to note that such terra 
cotta pipe was frequently tapered, 
the shape used by the Cretans who 
probably originated terra cotta 1500 
or more years before. 


Ancient Rome’s Water System 


At the time of Frontius who, at 97 
A. D., was curator aquerium—chair- 
man of the metropolitan water board, 
we would say—332,000,000 gal of wa- 
ter was delivered daily over Rome's 
nine aqueducts, or 332 gal per person. 
This figure, however, is based on one 
very conservative estimate of the 
population; other estimates range up 
to 4,000,000 population, including 
slaves and visitors. 
of Frontius’ 


The nine aqueducts 
time and their 247 auxiliary reser- 
voirs supplied 39 ornamental foun- 


tains, 591 public water basins, and 
thousands of residences—of which 
there were over 1400 mansions or pal- 
aces, well over 14,000 rooming houses 
(hotels) and many more houses of 
the middle class. A 10th aqueduct sup- 
plied the Circus Maximus only. The 
amphitheater proper of this huge 
structure, which seated 385,000, had a 
watertight wall extending down from 
the first row of seats and a watertight, 
masonry lined bottom. These enabled 
covering the floor with water deep 
enough to float warships. The war- 
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and prisoners of war who, divided 
into two sides, fought it out to the 
death, before a screaming, half-mad 
multitude. 


Every house, except those of the poor, 
had at least one water supply piped to 
it and probably one or more inside or 
outside fountains for decoration and 
cooling effect and to provide continu- 
ous flushing for the drain. There was a 
considerable difference in the taste 
and purity of water delivered over the 
various aqueducts and it was desirable 
to have one for drinking, another for 
bathing and washing, and possibly a 
third for fountains and lawns. Water 
to private homes was metered and 
paid for at different rates for different 
quality, the meters being sections of 
pipe of various inside diameters. Ap- 
parently the Romans were not above 
reaming out meters to larger size, for 
the city eventually found it had to 
require that meters be of bronze in- 
stead of lead. Some home owners had 
to run their own piping all the way to 
the reservoir nearest them, although 
under many streets there were mains 
as we know them today. Under the 
principal thoroughfares the mains 
were in tunnels, to facilitate mainte- 
nance, just as our big cities have them 
today. 

The Roman sewer and drainage 
system was excellent. Every house 
had a drain that led to the street 
drain or sewer, and usually inclining 
rather steeply. The surplus water 
from the aqueducts and the water 
from the many public and private 
fountains kept the sewers flushed con- 
stantly. One large sewer, 11 by 14 ft 
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with an arched roof and lined with 
large stone blocks, was in use until 
30 years ago. 


The “Plumberius” 


The “plumberius” of ancient Rome 
was the fellow who kept all this go- 
ing. He was a combination water- 
works engineer, sewer engineer, 





How the Romans made lead pipe. 
(A) They cast a sheet of lead 10 ft 
long and as thick as they wanted 
pipe walls to be. (B)Trimmed sheet 
and cut it into strips, width de- 
pending on size of pipe. (C) Curved 
strips around wood cylinder. (D) 
Filled pipe with sand and buried 
it in sand so that v shaped junc- 
ture opened to a molded trough 
which was filled with hot lead. (E) 
Finished pipe, showing extended 
seam. (F) Joint of two sections of 








pipe showing molded collar 





pipe maker, and plumber. Looking 
through his technical eyes we can 
see how it was necessary to go out 
in various directions from Rome to 
get sufficient water and of the quality 
the Romans were willing to pay for. 
The aqueducts that brought in this 
water had to incline gradually and 
uniformly toward Rome, lying on the 
surface where possible, penetrating 
the hills in tunnels, and bridging the 
valleys on arches where necessary. It 
was fortunate for Rome that the 
topography of the surrounding coun- 
try inclined generally toward the city 
and that it had considerable timber, 
rock, clay, and lead for aqueducts and 


piping. 


Three hundred and four of the 35% 
miles of water conduit that eventuall; 
led to Rome were on or beneath the 
surface; the remaining 44 miles wer 
on graceful and sturdy arches built! 
as high as 109 ft (arches in the prov- 
inces were as high as 165 ft). Thes 
arched passageways supported as 
many as three ducts, built one above 
the other to enable bringing different 
kinds of water over the same struc- 
ture and to increase capacity without 
widening the supporting structure 
Aqueducts were built of stone and 
usually lined with masonry; occasion- 
ally a top duct would be of brick 
Metal lining was rarely used. In 2 
few instances aqueducts did not cross 
depressions on arches but were lined 
with lead piping, the flow of water 
down the decline forcing it up and 
over the incline on the opposite side 
Aqueduct elbows were sometimes ho! 
lowed out huge chunks of ston 
Standard practice was to throw ashes 
into the stream to fill small leaks 
the masonry. 


How Much Water Pressure? 


Just how much water pressure | 
what range of water pressures Rome: 
water system offered is a matter 0! 
interesting speculation. We know 
the Romans had no hydraulic pumps. 
no mechanical means of elevating 
large quantities of water into a stand. 
pipe. We do know that some of the 
aqueducts terminated on arches, % 
they offered this much additiona 
water pressure. Their reservoirs mus! 
have been built prominently above the 
ground or on the sides of hills. Pliny 
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that “If you wish to deliver 


w te 
wi r above an eminence you have to 


” 


use lead piping.”” However, the water 
nressure Was never greater than the 
weight of the column of water from 
the water level in the reservoir to the 
tap in the subscriber’s home, as all 
A was by gravity. 

\nswering the water pressure ques- 
ti would require a study of the 
topography of the ancient city itself, 
locating its aqueducts and reservoirs. 
It is very doubtful if it was ever ex- 
nected to deliver water in pipes to 
the 70 ft limit to which houses could 
be built, at least not in the higher 
parts of the city. Even then it would 
have been necessary to have a private 
line direct to the reservoir, as a main 
delivering a constant flow to many 
private homes would not offer much 
pressure at any outlet. It is 

that the top 


one 
probable residents of 
floors carried their cooking and fire- 
quenching water up from the lower 
fl The mansions had their bath- 
rooms on the first floor, a clue. The 
people living on the upper floors of 
the apartments must have depended 
spon the public baths _ entirely. 
Samples of lead pipe made exactly as 
the Romans made it will withstand 
pressures of as much as 250 psi. How- 
ever, it was probably made with walls 
this thick because of the limitations 
‘ method and to withstand external 
pressure and wear, as piping was not 
ilways protected or in deep trenches. 


oors. 


Pipe Making 

Pipe making was “big business” 
with the ancient Romans, the industry 
entering at Rome, Pompeii, and Bath, 
England. Pipes as small as % in. 
and as large as 27 in. diameter with 
1\% in. wall thickness have been found, 
and lining some of the aqueducts must 
have called for even larger diameters. 
Wall thickness of Bath pipe was only 
0.25 in., of Pompeii pipe 0.36 in. Rome 
pipe thickness varied as to diameter, 
and standards were maintained. The 
writer Vitruv, 24 B. C., says: “These 
must not be shorter than 10 ft. A 
pe 100 in. long must weigh 1200 
, and an 80 in. pipe 960 Ib... a 5 in. 
pipe 60 Ib.” The inches indicated the 
of the strip from which the 
pipe was formed, its circumference. 
In making lead pipe the Romans 
rst cast a flat sheet of lead about 
10 ft long, trimming this and cutting 
t into strips, width varying with the 
ameter of the desired pipe. These 
strips were either folded over (almond 
shape cross section) or curved around 
t wood cylinder (round) until the two 


; 


width 


‘ 


nside edges touched, leaving a v 
shaped opening. This v shaped open- 


g Was not merely soldered shut, but 





closed with an extended, square 
shaped, cast seam. The pipe was 
filled with sand and buried in sand 
it Narrow trench covering the 
é and opening to the top. The 
edges were preheated with a hot 
iron, the metal poured, and the sur- 
plus carefully trimmed away. 
Sections of lead pipe were joined 
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by filling the ends with sand, butting 


them together, and building a sand 
mold around them that would cast a 
reinforcing collar. The hot metal 
was poured into the collar cavity, 
overflowing into a small weir until 
the ends of the sections fused to 
gether. Fusion was determined by 


probing with a splinter of wood until 
penetration to the sand core was no 


longer possible. This method was 
used until after 1500, many years 
after the introduction of the wiped 
joint. 


Trademarked Pipe 


It was the practice of the Roma: 
plumber to mark all pipe with his 
name and with the name of the cus 
tomer. The customer wanted his name 
on the pipe so that there would be n 
excuse for a neighbor’s tapping in o1 
his line and claiming that he (the 


IMPROVES OIL COMBUSTION WITH 
PHOTO-ELECTRIC SMOKE ALARM 


I CLAIM a man who doesn’t read the 
advertisements doesn’t get his money’s 
worth. You get much good, practical, 
and timely dope in the ads 

I have an electric eye warning sig 
nal hooked up with my oil burners so 
that I know the instant they start 
smoking, regardless of what part of 
the plant I may be in. I picked up 
this idea from an advertisement that 
had no connection with my type of 
work at all. 

We are using bunker C oil 
to handle this oil, with no steam in 
our storage tank, we have to pump 
back hot oil into the storage tank, not 
allowing the oil in the tank to get 
below 75 F. At times, the oil in the 


In orde: 


neighbor) thought 


main. Feminine names ar 
some of these pipes, indica 
women were in posse ! 


plumbing 


not have worked, as 
enough to own such a 
afford slaves. 

Faucets very similar t 
we have today were in ge! 
ancient Rom« The Ro il 
ers also cast turns, te« 
Some terra cotta pi} i 
wate! ystems and 
famous Roman arc! 
that terra cotta pipe vce 
purer and tastier, and ar 
repair it He also sai I 
should be about two f I 
should be tongued at ‘ 
they would fit one int I 
cement of quicklime ! 
ommended for lining th 


businesses VW 


line would cool off ar tne 
ically come on and the I 
strike a cold fireb 

would be a No. 2 
did not know at the mie 
check for smoke beir a 
painted white in the clear 


the base of the stack 

Since we 
electric 
14.3 
operating c 


to 11. 


average CO, of 
former 
averaged 10% 


smoke detec 


1) 


have installed 
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onaith 
I think 


agree with me that a No 
the Ringelmann chart can: 
near perfect combustion as 
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A photo-electric smoke detector has allowed the operating force to improve 
combustion results of an oil fired plant 
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Operator's section of a typical 
“robot” control being tested be- 
fore shipment for installation. 
The method can be used for 
opening and closing dozens of 
valves in processing aviation 
gasoline, butadiene for synthetic 
rubber or toluene for explosives 











A “RoBOT” control which opens and 
closes dozens of valves with split sec- 
ond timing now controls processing in 
many of the nation’s war plants pro- 
ducing aviation gasoline, butadiene 
for synthetic rubber, and toluene for 
explosives. In such plants steam, air, 
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and hot gases flow intermittently 
through a complex system of piping 
and tanks. These gases must follow 
each other at predetermined inter- 
vals, and any error in timing or route 
of flow would slow up production not 
only through loss of materials but by 
possible damage to equipment. 

The processing might be compared 
to the job of scheduling, dispatching, 
and regulating trains on a congested 
railroad system. One small error can 
tie up railroad traffic for hours, pos- 
sibly resulting in collisions which 
would damage both trains and goods 
in transit. 

The valve control performs the 
same functions in gasoline, butadiene, 
and toluene plants as dispatchers and 
switchmen do in a railroad system. 
In many of these plants, even if the 
required numbers of skilled operators 
were available, it would be humanly 
impossible for them to open and close 
the numerous valves with the precise 
timing provided by the control, con- 
sisting of automatic cycle timers and 
ralve control. 
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The controls govern the fi 
machinelike precision, minimi: 
possibility of human error. If 
thing goes wrong, such as a 
sticking open or shut, the contr 
voices a warning—it summons 
erator by blowing a horn, or 1 
a bell. 

The operator’s section of 
trol consists of a long panel 
what resembling the main switc! 
in a telephone exchange. C 
with banks of switches, dials, 
and other indicators, it is the 
point for valve control. W! 
valve is opened or closed, a lis 
the board goes on. If any 
should fail to open or close, the 
automatically suspends furthe1 
tions and sounds the alarm for 
erator. A glance at the board 
the operator the trouble locat 
he can arrange for quick repa 

Before the war this equipme! 
developed principally to produ g 
octane gasoline for planes an 
Because the same methods 
used in producing butadiene : f 
luene, it is now widely used 
two types of plants as well. P! 
extension to other types of pla 
quiring precise timing or val\ 
trol are also under way.—B. M 
industrial engineering div., ‘ 

Electric Co. 
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Graphical Method of Calculating Heat Losses 


THE PURPOSE of this paper is to pre- 
sent a graphical, time-saving method 
of calculating heat losses. Although 
the chart (Fig. 1) is applicable 
mainly to simple structures such as 
one, one and one-half, and two-story 
residences, the same principles can be 
adapted to other types of buildings. 

This graphical method was devel- 
oped on the basis of the fundamental 
equations for building heat losses. It 
is not intended to supplant the 
ASHVE Guide procedure, but it may 
be useful for checking the Guide re- 
sult in many cases, or for obtaining a 
reasonably accurate answer in a mini- 
mum of time. Since the calculation of 
building heat losses is not and cannot 
at best be an exact science, an ap- 
proximate answer may suffice in many 
cases. The result obtained by this 
chart will generally check within + 3 
per cent of the Guide result when the 
same coefficients and surface areas 
are used in both cases. 


Basis of Derivation 


The heat losses of a building are 
classified as (1) the transmission 
losses through the exposed surfaces 
such as the walls, ceiling, floor, glass, 
and door areas, and (2) the infiltra- 
tion losses due to air leakage through 
cracks, crevices, and other openings. 
The transmission losses are a direct 
function of the areas of the exposed 
surfaces and their respective heat loss 
coefficients and the temperature dif- 


*Technical Secretary, Insulation Board 
Institute. Member of ASHVE. 
weer presentation at the Semi-Annual 
veeting of the American Society of Heat- 
* and Ventilating Engineers, Pitts- 
“urgh, Pa., June, 1943. 


By Paul D. Close,* Chicago, Ill. 


SUMMARY—The author presents a 
chart as a time-saver in calculating 
heat losses for one-, one and one-half, 
and two-story residences. 


ference. The infiltration losses are a 
function of the volume of outside air 
entering the building which must be 
translated into the heat equivalent re- 
quired to warm this air from the out- 
side temperature to the inside room 
temperature. 


Symbols 


The symbols used in the develop- 
ment of the formulae from which the 
curves of Fig. 1 were plotted are as 
follows: 

U.~ = coefficient of transmission of ex- 
terior walls (Btu per hr per 
sq ft per deg temperature dif- 
ence) ; 

U, = coefficient of transmission of 
glass surfaces (Btu per hr per 
sq ft per deg temperature dif- 
ference) ; 

U. = coefficient of transmission of top 
floor ceiling (plus roof) (Btu 
per hr per sq ft per deg tem- 
perature difference) ; 

U,; = coefficient of transmission of 
floor (Btu per hr per sq ft per 
deg temperature difference) ; 

A,= net wall area, sq ft (inside di- 
mensions) ; 

A; = net glass and door area, sq ft 
(inside dimensions) ; 

Aw = gross wall area = A, + A: (in- 
side dimensions) ; 

A. = ceiling area, sq ft (inside dimen- 
sions) ; 
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A; = floor area, sq ft (inside dimen 
sions) ; 

H, = heat loss of building per 1 deg 
temperature difference, Btu per 
hr. 


Transmission Losses 

The wall and glass transmission 
losses per degree temperature differ- 
ence are expressed by the following 
equation: 


Wall and glass transmission 


losses = A,U. + AU, ....(1) 


It will be noted that the area factor 
(A.) includes both the glass and door 
areas, whereas the coefficient factor 
(U,) is for the glass heat loss coeffi- 
cient. Actually the door coefficient 
will be lower in the case of solid wood 
doors than the glass coefficient, but 
since the door area is relatively small, 
the glass coefficient may be used for 
both the glass and door surfaces. 

The glass and door areas of most 
residences range between 15 and 25 
per cent of the gross exterior wall 
area (based on inside dimensions) or 
an average of 20 per cent. In order 
to simplify the procedure, this aver- 
age glass and door area is assumed. 
A few trial calculations will show 
that there will be a comparatively 
small variation in the final result due 
to any small deviation from this aver- 
age figure, provided the correct gross 
wall, glass and door area (Ax) is 
used. Substituting this ratio of glass 
and door area in equation 1, the wall 
and glass transmission loss becomes: 


Wall and glass transmission 
loss = (0.8U.~ 0.20U,)A-« 
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Table 1—Scales of Fig. 1 to be used for calculating heat losses 
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*Also for houses without basement but with first floor directly on ground 
*Floor above ground with air space between. 


The ceiling transmission loss per 
degree temperature difference is equal 
to the ceiling coefficient (U.) times 
the ceiling area, or 


Ceiling transmission loss = 


U Ac - (2) 


The ceiling coefficient (U.) should 
also include the value of the roof 
whether flat or pitched. Consequently, 
the combined ceiling and roof coeffi- 
cient should be used for the value of 
U.. 


Floor Transmission Loss 


According to data in the ASHVE 
Guide 1943, the floor loss for houses 
with basements may be neglected. 
Similarly, the floor loss into the 
ground for houses with the floor lo- 
eated directly on the ground is com- 


paratively small and may be neglected. 


If, however, the house has no base- 
ment and is placed on piers so that 
the space under the floor is exposed 
to air at or near the outside tempera- 
ture, then an allowance should be 
made for the heat loss through the 
floor into this space. The floor trans- 
mission loss per one degree tempera- 
ture difference in the latter case is 
as follows: 


Floor transmission loss = 


UrAr 
Infiltration Losses 


The air change method was used 
for estimating infiltration, the allow- 
ance being one air change per hour 
for houses without weatherstrips or 
storm windows and one-half air 
change per hour for houses with 
either weatherstrips or storm win- 
dows. Using this assumption, it will 
be found that the total heat loss will 
not vary appreciably in the average 
case from that obtained by the crack 
method given in the Guide, using 
double-hung wocd windows of average 
width of crack. Based on an 8 ft ceil 
ing height (assumed in this case), the 
heated volume of a one-story house 
will be 8A. and the infiltration allow- 
ance for a one-story house without 
storm windows or weatherstrips (as- 
suming one air change per hour) will 


be: 


Infiltration loss (one-story 


house) Pie 
(No storm windows or co 
weatherstrips) } 
8A. 
smn SEGBOEMS ine scctvne (4a) 
55.5 
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With two-story houses, the volume 
will of course be greater for the same 
perimeter or top floor ceiling area. 
For example, in the case of a two- 
story house, the volume will be equal 
to the flat or projected top floor ceil- 
ing area (A.) times the sum of the 
ceiling heights of the two floors, or 
for an 8 ft per floor ceiling height, 
the volume will be 16A. and the infil- 
tration allowance for a_ two-story 
house without storm windows or 
weatherstrips (assuming one air 
change per hour) will be: 


Infiltration loss (two-story 
house) 

(No storm windows or = 
weatherstrips) ] 

16A. 

—— = 0.288A. .......... (4b) 


. 


Since for houses with storm win- 
dows or weatherstrips, the infiltration 
allowance is one-half an air change 
per hour instead of one air change per 
hour, the infiltration losses with 
storm windows or weatherstrips will 
be one-half the losses for houses 
without storm sash or weatherstrips 
given in equations 4a and 4b, or 
0.072A. and 0.144A. respectively for 
one and two-story houses. 

An 8 ft ceiling height was assumed 
for estimating the infiltration allow- 
ance because this ceiling height is be- 


coming more or less standard prac: 


Y 


in current low-cost housing. Hoy 


ever, ceiling heights of 8% and 5 f; 
in the older 


were commonly used 


houses, but it will be found that th 


glass area percentage in these older 
houses generally averages less tha: 
20 per cent, which compensates fo) 
Even dis. 
regarding any possible compensating 
effect due to a less-than-20-per-cen: 
glass area, an actual ceiling height o/ 
9 ft instead of 8 ft, as assumed fo, 


the higher ceiling heights. 


’ 


the chart, would increase the calcu 


lated infiltration allowance by ‘'. 
12% per cent. Inasmuch as th: 
filtration allowance may be 
small percentage—10 to 


only a 
20 per cent 


in many cases—of the total heat loss 


the error due to the assumption 0! 


an 8 ft ceiling height will usually | 


comparatively small when considere 


from the standpoint of the total hea: 


loss of the building. 
Total Heat Loss 


The total heat loss per degree te: 


perature difference is of course equa 


to the summation of the wall and glas: 
the ceiling (plu: 


transmission loss, 
roof) transmission loss, the flo 
transmission loss (if any) and the i: 
filtration loss. 


For example, the hea’ 


loss per degree temperature difference 


(H.) for a one-story house withou' 


Table 2—Factors for estimating amount of fuel required per average 


heating season, based on 


Note: 


inside temperature of 70 F 


These factors when multiplied by the heat loss of the building pe: 


deg temperature difference (H.) and by the thousands of degree-days per hea! 
ing season will give the approximate amount of fuel ——— per average h 
ing season based on an inside temperature of 70 





Method 














Assumed 
Calorific of 
Fuel vV alue Firing 
Hand-fired 
(Residence) 
Coal 13,000 Btu Stoker 
per Ib (Residence) 
Stoker 
(Industrial) 
141, 000 Btu Conversion .. 
Oil per gal ———__-— 
Oil- Designed 
Manufac- 535 Btu Conversion 
tured Gas per cu ft “ a f 
‘Sne-ae 


1000 Btu Conversion 
per cu ft - 


Natural 
Gas 


"Example: 
degree temperature difference 


probable fuel consumption in coal (hand fired) will be 0.00185 
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The heat loss of a certain building (from Fig. 
and is located in a city having 6500 degree-das 








Assumed Result 
Heating will 
Efficiency Factor Be 
anachbe 9.50 0.00185 
Tons of 
ee ee 0.60 0.00154 Coal 
aS eee 0.70 9.00123 
eveccees 0.60 0.284 Gallons 
— ————__—-— of OU 
<4aeth okt 0.75 0.226 
on ‘ Thousands 
oesdees 0.65 0.069 Cubic Feet 
NE — Fy ufa 
Pista 0.88 0 056 — 
= ee 0.65 0.0369 Thousan(s 
—_——_— —_——- -—__—___— — Cubic Fret 
0.80 0,030 Natura! a" 


1) is 1200 Btu per 


1200 x 6.5 = 14 


nr. 








| W- 


der 
the 
lder 


nan 


Ling 


or. 








storm windows or weatherstrips and 
with a basement (neglecting the floor 
loss) using the values in equations 
(ia), (2) and (4a), but omitting (3), 
will be: 
H, = (0.80U. + 0.20U,)Aw + 
U-Ae + 0.144A. = (0.80U~6 + 
0.20U,)Aw + (Ue + wedi 
Ee. nce encincews (5) 


This formula can be further sim- 
plified by substituting the value of 
U,= 1.18 (for single glass), in which 
case the quantity 0.20U, becomes 
0.226 and the formula for a one-story 
house with basement and _ without 
storm windows and _ weatherstrips 
then becomes: 


Hy = (0.80U’>~. +- 0.266) Aw + 
(U. + 0.144) A-......... (5a) 


In a similar manner, equations may 
be developed for one-story houses with 
storm windows or weatherstrips and 
for two-story houses and also for 
houses without basements. Wherever 
the floor heat loss is to be included, 
the quantity (U;rAr) given in equa- 
tion (3) will appear. For example, 
the equation for a one-story house 
similar to that for which equation 
(5a) is applicable but without base- 
ment and with the floor above ground 
so that there is an air space under- 
neath, will be as follows: 


Hs = (0.80U.~ + 0.226)Ae + 
(U. + 0.144) Ae + UrAr... (6) 


Heat Loss Charts 


The chart (Fig. 1) was developed 
by plotting these and other similar 
equations. For instance, Scale A for 
ceilings is a plot of the quantity 
(U.+0.144)A., which appears in 
equations (5), (5a), and (6) and is 
applicable to one-story houses with- 
out storm windows or weatherstrips. 
This quantity of course includes the 
infiltration loss. The other scales in 
Fig. 1 are plotted from the following 
equations: 


Seale B (for ceilings): (U. + 
0.072) Ac. 
(U.+ 


Seale C 
0.288) A.. 

Seale D (for walls): (0.80U. + 
0.226)A.~ (for single glass). 

Seale E (for walls): (0.80U. + 
0.09)A. (for double glass). 

Seale F (for floors): UrAr. 


How to Use Chart 


(for ceilings): 


The solution of any heat loss prob- 
lem by means of this chart involves 
first the selection of the proper scales 
from Table 1. These of course de- 
pend upon the requirements of the 
problem. 

_ The next step is to locate the ceil- 
ing (plus roof) coefficient on Scales 
A, B, or C and draw a line to point 
X, calling this Line 1. Next find the 
ceiling area on the left hand scale and 
draw a horizontal line to Line 1, and 
then a line vertically downward to the 
horizontal scale. The result indicated 
will be the ceiling heat loss per 1 deg 


temperature difference. This result 
includes the infiltration allowance. 


The wall and glass heat loss is de- 
termined in a similar manner using 
Seales D or E. If the floor heat loss 
is to be included (as indicated by 
Table 1), this may be determined by 
means of Scale F and the left hand 
area scale, as with the ceiling heat 
loss. 

The wall and ceiling—or wall, ceil- 
ing, and floor—losses, as the case may 
be, should be added, the result being 
given in terms of the heat loss for 
the building per 1 deg temperature 
difference. This should be multiplied 
by the total temperature difference 
for the location of the building. The 
gross exterior wall area (based on in- 
side dimensions) and including doors 
and windows should be used in con- 
nection with Fig. 1. Similarly, the 
ceiling area is based on inside dimen- 
sions. 

Example 1: Calculate the heat loss 
of a 20 x 30 ft (inside dimensions) 
two-story uninsulated frame residence 
with basement and without storm win- 
dows or weatherstrips located in Chi- 
cago. The ceiling height is 8 ft. The 
wall coefficient is assumed to be 0.25 
and the ceiling-roof coefficient is as- 
sumed to be 0.32. 

Solution: According to Table 1, 
Seales C and D of Fig. 1 should be 
used for this problem. Scale F is not 
used because the residence has a base- 
ment and the floor heat loss is there- 
fore neglected. The solution of this 
problem is indicated by the dotted 
lines on Fig. 1. The gross wall area 
is 1600 sq ft and the ceiling area is 
600 sq ft. It will be noted that the 
ceiling heat loss is approximately 367 
Btu per hr per deg temperature dif- 
ference. This result includes the in- 
filtration allowance. The wall and 
glass heat loss, according to Fig. 1, 
is 678 Btu per hr per 1 deg tempera- 
ture difference. The sum of these 
quantities is 1045 Btu per hr per 1 deg 
temperature difference. Assuming an 
inside temperature of 70 F and an 
outside temperature of —10 F, the 
temperature difference will be 80 F 
and the design heat loss will be 80 x 
1045, or 83,600 Btu per hr. 

Although this chart is intended 
specifically for residences, it can be 
adapted in certain cases to other types 
of structures such as small office 
buildings or factories. Similar charts 
may however be developed for other 
structures. 

Example 2: Assume a small one- 
story factory, 20x50 ft, having a 
ceiling height of 8 ft, plain 8 in. brick 
walls and a 4 in. concrete roof deck 
with 1 in. of insulation, located in 
New York and exposed on all sides. 

Solution: The coefficients are re- 
spectively 0.50 for the walls and 0.18 
for the roof. The wall area is 1120 
sq ft, the ceiling area is 1000 sq ft, 
and the heat losses according to Fig. 
1 using Seales A and D will be 320 
(ceiling) plus 695 (walls) or 1015 
Btu per hr per deg temperature dif- 
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If the temperature differ- 
ence is 70 deg, the design heat loss 
will be 1015x 70, or 71,050, or say 
71,000 Btu per hr. 


ference. 


Estimating Annual Fuel 
Consumption 


The approximate average annual 
fuel consumption can be estimated by 
multiplying the heat loss per 1 deg 
temperature difference (H,) obtained 
from Fig. 1, by the number of thous- 
sand degree-days and by the factors 
given in Table 2 for various fuels. 
The assumed efficiencies and calorific 
values on which these factors are 
based are indicated in the table so 
that the factors may readily be modi- 
fied on the basis of other efficiencies 
and calorific values, if desired. While 
the efficiencies in this table agree sub- 
stantially with the values in use by 
a local public utility, it is realized 
that there may be a wide variation in 
combustion efficiencies encountered in 
actual practice and where specific 
data are available, the factors in 
Table 2 should be modified accord- 
ingly. 

Degree-days calculated on a 65 F 
base are applicable to an inside tem- 
perature of 70 F. Consequently the 
factors in Table 2 are applicable only 
to this inside temperature. For lower 
inside temperatures, the fuel con- 
sumption will be correspondingly less, 
and vice versa. For other average in- 
side temperatures than 70 F, the esti- 
mated fuel consumption can be ad- 
justed on the basis of the ratio of the 
inside-outside temperature difference. 
For example, if the average day and 
night temperature is 65 F (instead 
of 70 F) and the building is located 
in a city where the average outside 
temperature during the heating sea- 
son is 30 F, the fuel consumption 
will be reduced in the ratio of 
(70-65) /(70-30) or 5/40 or 12% per 
cent. Average outside temperatures 
during the heating season (assumed 
to be from October 1 to May 1, or 
seven months) are given in Table 2 
on pp. 132 and 133 of the Guide 1943. 
There will be a slight error in some 
cases when using these average out- 
side temperatures because of the fact 
that the actual heating season may be 
of greater or lesser duration than 
seven months. 


Limitations of Chart 


As previously stated, this chart is 
intended for one, one and one-half, 
and two-story houses, but it may also 
be used for small one and two-story 
office buildings and factories, if the 
conditions are similar to those on 
which the chart is based. It is not 
expected, however, that every one or 
two-story residence heat loss problem 
can be solved by this type of chart as 
special or unusual conditions will be 
encountered. 

A two-story house with a heated 
attic would be considered to be a 
three-story house so far as the ap- 
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plication of the chart is concerned. 
Since a maximum of two stories is 
provided for by the chart, it would 
be necessary to add another scale to 
the chart for three-story houses, al- 
though the error would be small if the 
problem were solved as if the house 
were of two stories, provided the pro- 
per gross wall and top floor ceiling 
areas are used. The actual error re- 
sulting from this assumption would be 
that due to the infiltration allowance 
being for a two-story house instead 
of for a three story building. 

Unheated garages and _ sleeping 
porches should be neglected and the 
building considered as if they were 
not a part of the structure. Heated 
garages and sleeping porches main- 
tained at room temperature should of 
course be figured the same as other 
heated rooms or spaces. If the tem- 
perature maintained in such spaces 
is lower than the inside room tem- 
perature, the heat losses from such 
rooms or spaces will be correspond- 
ingly reduced. If these spaces are 
comparatively small and are to be 
heated at all, it will usually be suf- 
ficiently accurate to consider them to 
be maintained at room temperature. 

Since no allowance is made for 
heated basements used, for example, 
for living quarters, the heat losses 
from such spaces may be considered 
by adding the basement floor and wall 
heat losses to the heat loss for the 
remainder of the structure, basing the 
calculations on the proper surface 
areas, coefficients, and temperature 
differences. 


LOWER COST 
HOUSING PREDICTED 


In an address before the Edison 
Electric Institute at Chicago, IIl., Irv- 
ing W. Clark predicted that 70 per 
cent of the post war houses cost only 
$3,000 to $6,000. The need for one 
million housing units annually, for 10 
years or longer after the war, if we 
as a nation are to meet the needs for 
housing, is based upon long-term 
studies which clearly establish the 
following facts: first, the net increase 
of new families that come into being 
annually in the United States is ap- 
proximately 500,000; second, the num- 
ber of houses destroyed by fire, tor- 
nadoes and other catastrophes or 
razed because of total obsolescence 
every year averages about 400,000. 
Need for housing is one thing while 
the actual number of homes that may 
be built is quite another factor. 


Most new homes that begin spring- 
ing up when peace comes will not be 
radically different from those built 
just before war. It is sound to artici- 
pate that equipment and materials 
will be the same or similar to those 
with which we dealt in 1942. 

Many of the elements, materials 
and products pictured as things of 
the future will eventually become fact. 
The history of all products has been 
one of the improvements through re- 
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search and development—step by step. 
While many new materials have been 
developed for use in war products, 
their application to peace will require 
a period of further research and de- 
velopment. 


MRS. O. E. FRANK HEADS 
PATERSON ZONTA CLUB 


Mrs. Olive E. Frank, president of 
Frank Heaters, Inc., Paterson, N. J., 
was elected president of Paterson 
Zonta Club at a dinner held recently 
at the Y.W.C.A. Mrs. Frank has 
been a member of the ASHVE for 
24 years, and is well known in engi- 
neering circles. She is also a member 
of the ASME, She has been a member 
of the Zonta, service club for women, 
for many years, having formerly been 
a member in Buffalo, N. Y., where the 
organization had its inception. 


At the dinner a report was made 
on the work at the canteen at USO 
headquarters, which Zonta has con- 
ducted since the center for service 
men was opened. Following the busi- 
ness session, a talk was given on the 
subject of Dogs for Defense, in which 
a plan for using dogs in many 
branches of the service was outlined. 
An appeal was made for the War 
Dog Fund, through which owners may 
enlist their dogs to aid their canine 
brothers in being sent to the front. 


VISITING U. S. A. 


Two Society members who recently 
visited the Society headquarters were 
D. L. Baker, San Juan, Puerto Rico, 
and Julius Demeter, Santiago, Chile, 
who have returned to the United 
States for a short time on business 
matters. Mr. Baker rélated some in- 
teresting experiences during the war 
period in various parts of the world 
while he was a Carrier Corp. repre- 
sentative. Both members reported an 
enjoyable time renewing old acquain- 
tances during their brief trip in the 
United States, and expressed a desire 
to attend the Society’s Semi-Annual 
Meeting at Pittsburgh. 


SAVING IN VENTILATION COST 


Definite economy in _ ventilation 
costs, by freeing coal mines of dan- 
gerous gas before a seam is worked, 
is being accomplished by sinking pipes 
inte the ground ahead of the work- 
ings and pumping the gas out, the 
Compressed Air Institute reports. 

This is being practiced at a mining 
operation near Bluefield, W. Va., 
where holes for the pipes are drilled 
to depths ranging from 100 to 1,000 
ft, depending upon the thickness of 
the overburden between the coal and 
the surface. The pipes are sent a 
short distance through the collar of 
the holes and then connected to blow- 
ers which exhaust the gas. 

Some of the mines where this is 
being done are extremely gassy, the 
Institute reports. One liberates as 


much as 12,000,000 cu ft of ga 4 
day—enough to supply a large ci: - 

Although the amount of inf ». 
mable methane must be kept ¢. , 
maximum of 0.5 per cent in the » ine 
atmosphere, it is the aim of this | oy 
gas evacuating process to reduce ‘hp 
amount of methane in the mine 4 
mosphere 50 per cent before a 
seam is opened. 

An idea’ of the economy of his 
method can be gained by conside) \ng 
that to get out 12,000,000 cu fi » 
gas from the mine and bring the e.-. 
thane content of the atmospher 
the required maximum would meap 
the circulation of 300,000,000 ec. f 
of air a minute by the usual means 
of ventilation. 


NEW ASSIGNMENT FOR 
H. L. WHITELAW 


Selection of H. Leigh Whitelaw 
Pittsburgh, Pa., a member of th 
ASHVE for 27 years, as Manaving 
Director of the Association of Gas 
Equipment and Appliance Manufac- 





H. L. Whitelaw 


turers has been announced by Col. 
W. F. Rockwell, President of th 
Association. 

Mr. Whitelaw was trained as a pro- 
duction man in the plants of th 
American Radiator Co. and in 1915 
he became manager of the smokeless 
boiler department of the company. 

During the first World War Mr 
Whitelaw was an administrative off- 
cer of the Royal Flying Corps and the 
Royal Air Force. He has been execv- 
tive vice-president of the American 
Gas Products Corp., and recently was 
manager of utility sales for Jones and 
Laughlin Steel Co. He has been active 
in the AGA as sectional vice-president 
and chairman of the manufacturers 
section in 1927-28. 


AIR CONDITIONING 
GOES TO WAR 


L. W. Clifford, development eng 
neer of Westinghouse Electric and 
Mfg. Co., East Springfield, Mass.. told 
the Baltimore-Washington section of 
American Society of Refrigerating 
Engineers that by maintaining custom 
made atmospheres in armories, 4! 
ports, flying schools and war plants, 
air conditioning apparatus once built 
only for the convenience of comfort 
loving Americans has become a vita! 
tool in the war program. 
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Field Study of Comfort Reactions of Apartment 
Dwellers Under Fuel Oil Rationing 


By Sallye Hamilton,* New York, N. Y. 


THE STUDY was made in a group of 
five apartment building units, Fig. 1, 
each unit having its own heating 
system, utilities, and meter room. 
Each of the five buildings has a boiler 
room arranged as shown in Fig. 2; 
four have three boilers; and the fifth, 
a smaller unit, has two boilers. One 
burner of each building is automatic. 
The fuel used is bunker C oil which is 
stored in steam heated tanks. All of 
the buildings have four floors with 
the exception of one which has a sec- 
tion with six floors served by eleva- 
tors. Instead of a main entrance and 
a long hall, each building has a num- 
ber of stairwells which serve from 
two to four apartments on each floor. 

The 4 in. concrete basement floor, 
under which the steam mains run, is 
a few feet above the bare earth, and 
the walls are of brick 12% in. thick 
with %-in. plaster applied directly 
to the brick inside, (U—0.34). The 
floor to ceiling height is 8 ft 6 in. 
with a %-in. plaster ceiling under the 
4-in. cinder concrete that forms the 
floor above. The floor surface is 
wooden blocks set in mastic. The roof 
has cinder fill of varying depths on 
the concrete slab, 1l-in. fiber board 
insulation, and five-ply felt roofing 
tar-coated with slag, (U7—0.18). 

The windows are steel casement 
without weatherstripping except that 
applied by a few individual tenants. 
Kitchens have unvented gas stoves 
and many tenants have portable elec- 
tric radiant heaters. 

The heating system is a two-pipe 
up-feed, low pressure vacuum return 
system, and the radiators are of cast- 
iron tubular type. Risers are exposed 
in the apartments, and branches are 
run to radiators above the finished 
floor. 

In the present control method the 
fireman maintained an empirically de- 
termined temperature on a recorder 
mounted near the last riser in the 
line. Before rationing started, this 
insured that the most ill-favored 
apartments secured adequate heat 
and that the remainder of the apart- 
ments secured adequate heat or better 
with the residents generally con- 
trolling the excess by opening win- 
dows, or in isolated cases by turning 
off radiators. 

_The study covers the period from 
November 16 to December 13, 1942. 
Conservation of fuel oil had been in 
operation in Hillside Homes since 


— ector of Field Study, John B. Pierce 

Fy ition, 

“. presentation at the Semi-Annual 
‘ * of the American Society of Heat- 

l a reaeting Engineers, Pittsburgh, 
e, . 


SUMMARY.—tThis article presents a 
Fuel Oil Rationing Study made at 
Hillside Homes, in New York City, 
from November 16, 1942, to Decem- 
ber 13, 1942. Special emphasis is 
placed on room air temperatures re- 
sulting from the fuel rationing pro- 
gram and the comfort of the families 
cooperating. The data included show 
fuel oil consumption and Weather Bu- 
reau data for test period; consump- 
tion of fuel oil, gas, and electricity; 
additional cost of gas and electricity, 
resulting from increased use of these 
to provide auxiliary heat; average liv- 
ing room air temperatures by apart- 
ments at 60 in. level, with apartment 
exposure and use of auxiliary heat in 
apartments during study; average 
living room air temperatures for all 
apartments at 30 in. and 60 in. levels 
for entire study; clothing practices 
and adjustments to low air tempera- 
tures in apartments resulting from 
fuel oil rationing; and the relation of 
clothing and activity to varying room 
air temperatures. The results prove 
that with a two-thirds fuel oil ration 
it is not possible to maintain a room 
air temperature of 65 F in apart- 
ments excepting, probably, in a very 
few most favorable ones that are near 
the boiler, which have a minimum cold 
surface exposure, and receive maxi- 
mum sunshine. The average 60 in. 
level living room air temperature in 
12 of the 49 apartments ranged from 
61.8 to 64.9 for the entire test period, 
with the living room in most in- 
stances considered the warmest room 
in the apartment. 





June, 1942, for domestic hot water 
heating; and for space heating since 
the beginning of the present (1942- 
1943) heating season. 

Selection of The 
apartments used in the study, 49 in 
all, were selected with regard to (1) 
distance from boiler, (2) extent of 


Apartments: 


1 te-y * 


of at. ty 
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cold surface, and (3) sunshine. The 
following exposure code method was 
used: F-avorable, M-iddle zone, and 
U-nfavorable. The first letter refers 
to distance from boiler; F indicating 
within 100 ft horizontal run; U with- 
in 100 ft of end of line; and M the 
middle zone between these. The sec- 
ond letter refers to exposed surfaces 
(walls, glass area, unheated floor or 
ceiling and windy location): 


WEIGHT 





~ walls exposed ] 
} walls exposed 
Unheated under floor 
Unheated over ceiling 
Windy location l 
Extra glass area l 
I A RIGHT 
Favorable 
Middle i 


The third letter refers to sunshine: 
F indicating S, SW, and ESW expo- 
sures; M the EW, NW, ES, NES, and 
NEW exposures; and U the N and 
NE exposures. For example an apart- 
ment designated as FMU has a F- 
favorable location as to distance from 
boiler, M-iddle group classification 
as to extent of cold surface, and U-n- 
favorable location to receive sun- 
shine. Table 2 shows the number of 
apartments with F-avorable, U-n- 
favorable, and M-iddle group classi- 
fications, as to distance from boiler, 
extent of cold surfaces. and sunshine. 


Methods of Approach: Previous to 
the time the study was begun a 
printed letter was sent to all the res- 
idents of Hillside Homes emphasizing 
the importance of a fuel oil rationing 
study at this critical time and de- 
scribing in detail the three suggested 
methods to be used. It emphasized 


Fig. 1—Hillside 
Homes, New York, 
ie Be 
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that the principal purpose of this 
program was to determine how to re- 
duce discomfort during a period of 
real fuel oil shortage. 

It was explained to the residents 
that there were three basic ways in 
which fuel oil consuraption could be 
kept within the allotment provided by 
the government rationing plan: re- 
ducing the temperature of indoor air 
throughout the normal heating pe- 
riod; reducing the time during which 
heat is supplied with the normal 
amount of heat supplied when heat 
is on; and reducing the space heated, 
for example by cutting off heat in 
bedrooms. 

Methods Used During Test Period: 
Temperature Reduction of Indoor Air 
was the first method used. If the 
difference between the average tem- 
perature of the indoor air and the 
average temperature of the outdoor 
air during an entire heating season 
is reduced one-third, the fuel con- 
sumption will be cut one-third. Con- 
trary to general impressions, simply 
reducing the indoor air to 68 F, or 
even to 65 F will not give a one-third 
cut in apartment fuel oil consumption 
in New York City, or in other locali- 
ties having the same winter air tem- 
perature. For example, in January 
and February, the daytime indoor 
temperatures must be reduced to ap- 
proximately 60 F to keep the fuel oil 
consumption within the allotment. Us- 
ing this method, heat was to be sup- 
plied during the same hours as in 
previous years (on at approximately 
6:00 a. m. and off between 9:45 and 
10:45 p. m., depending upon the out- 
door air temperature.) 

This method could not be operated 
in the test because of certain charac- 
teristics of the heating system. Steam 
is introduced into the main pipe 
through a motor-controlled valve, at 
the end of one line in each building. 
The operating engineer had arranged 
a temperature recorder with the bulb 
nearly touching the last riser on the 
line and had determined by previous 
test that if the temperature recorded 
were a certain value the apartment 
farthest from the boiler would have 
heat. He also has found by test that 
if the aperture on the control valve 
were less than 40 per cent open, the 
steam would be condensed by the near 
radiators and fail to reach the more 
distarit ones. As in mild weather the 
distant apartments received no heat 
from this system, the method was 
abandoned. The failure of this method 
in this test does not imply that it 
would not work in very cold weather 
in these apartments when the unbal- 
ancing effects cf the long supply lines 
would be less, nor does it imply that 
this system would not work in small 
or more compact buildings. 

Reduction of Temperature and 
Time was the second method used and 
in this method the main saving was 
effected by reducing the time heat was 
supplied. Heat was provided at the 
beginning and end of the day. Usually 
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the two boilers in each unit were 
started at 6:15 a. m. with the burners 
and oil pressure adjusted to maximum 
capacity. The steam was usuaily 
turned cn in the building about 15 
min after the boilers were started. 


The oil consumption was gradually 
reduced during the morning and the 
burners were cut off at some time 
between 10:00 a. m. and 1:00 p. m. 
depending upon the outdoor tempera- 
ture. The boilers were started again 
between 3:00 and 5:00 p. m. and run 
until approximately 9:00 p. m. One 
boiler was usually cut off one-half 
hour earlier. 

The fireman controlled the oil con- 
sumption by a limited control of the 
burner oil pressure and the use of 
extra units, one of which was auto- 
matic. The steam into the building 
was controlled by a differential valve, 
in the steam main operated to main- 
tain a predetermined temperature on 
a recording thermometer which was 
mounted near the last riser on the 
end of the steam line, and which was 
observed by the fireman once an hour. 


The assistant engineer of the proj- 
ect controlled the amount of oil con- 
sumed by changing the time of shut 
down and starting, basing his esti- 
mate on Weather Bureau reports and 
estimating that each burner in oper- 
ation would use about 30 gal of fuel 
oil per hour. This method was em- 




















BOILER 








4 











ployed in determining the daily < \p. 
sumption of the oil for the test pe. 
riod, using the fireman’s daily og. 
The best way, that of sounding ‘he 
tank daily at 6:00 a. m., could no’ be 
followed because of the shortage of 
men. The tank gages in the bo ler 
rcoms, while sufficiently accurate op 
long periods when an equalizing pe. 
riod was allowed between the deliy ery 
of oil and the reading of the gige. 
were not satisfactory on a day-to-day 
basis for test purposes, because th, 
gages were unsettled for several (ays 
after the oil was added. 

Table 4, giving the average living 
room temperatures of each apartment 
for the entire study, shows that 12 
of the 49 apartments (24.5 per cent) 
had an average living room tempera. 
ture at 60 in. level below 65 |} 
apartments averaged below 6) F. 
While 37 of the 49 (75.5 per cent) 
had averages from 65 F to 72.2 PF, 
this in no way signifies that the aver- 
age temperature for the entire apart- 
ment for this group came within any 
such comfort range. These tempera- 
tures represent only those of the 
living room which was usually con- 
sidered the warmest room in_ the 
apartment. If the temperature of al! 
rooms of these apartments were 
averaged, the temperature’ would 
have been even lower. This is illus- 
trated by the following temperature 
averages of sample apartments for 
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SECTION THROUGH BOILER ROOM 


Fig. 2—Boiler room layout 
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Table 1—Hillside Homes—areas and statistics 


AREAS. 

















Land area excluding streets. ...........--ceeeeeeeececerecrces is 14.18 acres 
Net area of Typical Kitchen ..........5.5eeceeeeeeeeees ; enue 83 sq ft 

Net area Of Typical Bath ............0-seceeseseees eee ee 37 sq it 

Net area of Typical Living Room.............-6.6-eseeeeee . 200 sq ft 

Net area Of Large Bedroom ..........cccccccsesss ces sccstees cecees 188 sq ft 

Net area of Small Bedroom ........ 2.22. sce ceec cs eccccecceccennes i38 sq ft 
AveraBe STOSS AFea PCr OOM... «1... eee eee ce ert eee reer et eeeeetnee 221.6 sq ft 

~ APARTMENTS BASEMENT TYPICAL TOTAL 
Total eee GO GMOTtMOMtS.... «60.0002 cccccics es IRS 1,228 1,416 
Total number of rooms............00-see-0:: sts 191 4,457 4.945 
= Costs AND RENT 

T PDD concen arntensetcdeccsdasdtesersevstersess Sinica are 5,250 


Actual cost of construction: exclusive of architects’ and builders’ fees 


ee meee Gmermes, JOM. 1. 1936... 2... ncccsscescsvesasccecncs $4,481,111. 
Landscaping, utilities, and ground improvement ............... , 176,344 
Total cost of projects excluding land to Jan. 1, 1936........ ed 5,041,445, 
CE TEE cea cockbeeeeoca ese tr evecesaense st aeneceees 448,169 
ee Mt oie te aw dgibad BEL 6 ts ae CREE GU Ek Cae eS we 70 sq ft 
AVOTOMO TOME POT TOOT 2c cc cess ccccccccescccesesecesevesessseses 11.00 


(per month) 
Architect: Clarence 8S. Stein 
Structural Engineer: Rollin C. Bastress 
Heating and Electrical Engineers: Eadie. Freund and Campbell 


Table 2—Apartment exposure summaries 


Favorable 


Middle Zone Unfavorable 
Boiler Location 16 16 M4 
Exposure to Cold Surfaces 12 22 il 
14 19 13 





Orientation to Sunshine 


Table 3—Averages for all living room air temperatures for entire study 


READINGS 
Morning Noon Afternoon 
ss eee hed kie de od ee ene oO © 66.2 65.6 66.1 
L. R. 60 in. Level ee a Sl ah ae ° 68.0 66.6 67.3 


Table 4—General averages by apartment for entire study, November 16-Decem- 
ber 13, 1942, air temper atures in living room 


Time of Readings | 
Apartment | Exposure 9-11 a.m. |]12:30-2:30 p.m.| 4-6 p. m. Auxiliary 















Code | Code L. R. 60 In L. R. 60 in L. R. 60 | Average Heat 

59Dée | rMU 72.6 71.0 | 73.0 72.2 ** 

20B2 | UMF 71.4 0 | 71.8 | 7211 718 tee 

85A3 | MMM 72.3 70.5 | 72.4 71.7 saee 

60 B4 UMF 72.5 71.4 | 70.0 71.3 ++ 

79Al1 | MMF 71.9 708 | 709 71.2 . 

44A1 | UFM 72.8 70.4 69.7 71.0 . 

60 Al uv 70.0 69.1 72.5 70.5 eee 

10 BI FFF 70.8 70.3 69.5 70.2 . 

57 C6 FUF 70.4 68.2 71.4 70.0 eee 

60 Bl UFF 69.6 | 69.9 69.4 69.6 soe 

63 Bl FFU 71.4 | 67.9 69.6 69.6 * 

44 Bl UMF 69.6 69.2 691 69.3 . 

79 B2 MMM 700 68.8 68.7 69.1 * 

10 Al FMU 69.8 68.3 69.6 69.2 see 

63A2 | FFF 69.8 68.1 69.4 | 69.1 * 

58 A2 M*M 68.9 69.3 68.3 | 68.8 . 

88 Al MUM 68.7 689 68.9 | 68.8 ee 

86 Bl FMM 69.9 7.5 68.7 | 68.7 dd 

79 A4 MMF 70.0 i 68.7 66.9 68.5 . 

65 Bl FFU 68.9 68.4 67.3 68.2 . 

283B1 | MM 67.8 68.3 67.9 | 68.0 se 

79B4 | MUU 68.1 67.5 : oe) 2 ae “** 

57Cl | FFM 68.9 67.0 68.0 | 67.8 ° 

88Cl MFM 68.4 67.9 669 | 7.7 | ° 

ssEl | MFU 67.4 65.9 | 67.3 66.9 | ‘ 

70 C2 ueM 67.1 66.5 | 66.8 ae * 

oS Aa MMM a 64.2 | 67.4 667 | ° 

59 CO "MM 66.9 65.2 67.8 66.6 . 

60A4 uUU 68.4 65.3 | 64.8 66.1 | ** 

63 Ef MUM | 67.4 64.2 66.5 66.0 ++ 

41D1 UMU | 66.9 66.2 65.4 6.3 | see 

11 D4 uvuU 67.5 64.6 65.7 65.9 “* 

88 B4 MMM 67.0 62.4 | 66.8 65.4 | ° 

91 A4 FUR | 64.5 63.9 67.1 65.2 | eee 

63 A4 FMF 65.7 65.3 63.6 64.9 | * 

10C4 UMM | 65.1 63.6 65.1 64.6 ° 

68B4 | FMU 66 0 63.4 64.1 64.5 ** 

44A4 MM | 65.5 | 63.8 | 64.0 64.4 * 

80 AQ MFM 64.3 64.0 | 64.7 64.3 . 

‘0 Ba UMF 65.4 64.2 | 63.0 64.2 ** 

10 A4 FUU 64.60 63.1 64.0 63.9 | «seee 

56 B4 UUF 64.8 61.3 64.2 63.4 sds 

28 A4 MUM 64.3 62.5 | 631 63.3 | ee 

10 Ba eMF 62.6 64.0 62.8 631 | 

80 A4 MMM 62.3 61.6 62.5 62.1 . 
__ 65 B4 FMU 63.0 61.7 60.8 as | © 








—— 





under 65.0 F., Sixteen apartments 65.1-67.9 F., Twelve apartments 68.0-69.6 F., Nine 
apartments 70.0-72.2 F. 
Explanation of Auxiliary Heat Code: 





esas observations of use of auxiliary beat..... e 
30-49 “ i aot, aii ay lai pegaile 
50-andabove “ _........ eee ere cece 
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December 3, 1942, the coldest day of 
the test period: 

20 B2-UMF, according to the aver- 
age living room temperatures at 60 in. 
level had second highest average 
(71.8 F) for the test period. On De- 
cember 3, 1942 the average living 
room temperature at 60 in. level was 
71.3 and the average apartment tem- 
perature 64.1 F. The separate read- 
ings for the day averaged: morning 
64.5 F; noon 63.3 F; and afternoon 
64.5 F. It was observed at all three 
readings made on December 3 that 
the occupant was using auxiliary 
sources of heat. The occupant was 
wearing an average of 0.97 clo (insu- 
lation value of clothing), which is 
approximately 50 per cent above the 
amount required if sitting at rest in 
a room having normal thermal com- 
fort temperature. The activity re- 
corded was an average of 2.3 mets 
(body heat production). The occu- 
pant reported that she was uncom- 
fortable two out of three visits. 

63 A2-FFF, one of the two most 
favorable apartments in the entire 
study, (favorable boiler location, min- 
imum exposed cold surfaces, and fa- 
vorable sun orientation) had a living 
room air temperature average of 
69.1 F at 60 in. level. The average 
living room temperature at 60 in. 
level on December 3 was 68.0 F and 
the average apartment temperature 
was 65.3 F; with morning, noon and 
afternoon temperatures 67.1 F, 66.0 F 
and 63.9 F respectively. No use of 
auxiliary heat was observed during 
the day’s visits, but sun was observed 
at the noon visit. The occupant of 
this apartment was not at home dur- 
ing the first two visits but, with a 
clothing insulation of 1 clo and activ- 
ity observed as 1 met, she reported 
that she was uncomfortable at the 
afternoon reading (4-6 p. m.). 

60 A4-UUU, one of the most un- 
favorable apartments in the group 
studied, (unfavorable boiler location, 
large amount of exposed surface, un- 
favorable location for sunshine) had 
an average living room temperature 
(60 in. level) of 66.1 F for the entire 
study. The average living room tem- 
perature at 60 in. level for December 
3 was 66.0 F, and the average apart- 
ment temperature 63.1 F. The after- 
noon reading average went down to 
59.9 F; the noon to 61.5 F; with the 
morning average (66.4 F), the only 
one reaching the 65.0 F temperature 
range. Auxiliary sources of heat 
were being used at the time of the 
first two readings. The occupant’s 
clothing at these readings averaged 
0.6 clo and activity 2 mets. She re- 
ported that she was comfortable at 
both visits. 

Reduct’on of Temperature, Time 
and Space was the third method em- 
ployed. This method combined the 
second method with reduction in 
heated space. It was proposed that 
the heat be cut off to all but one bed- 
room. At first it seemed the most 
promising method, but was discon- 
tinued because accurate information 
concerning the effects of reduced 
space on oil consumption and air tem- 
peratures in the living portion of the 
apartment could not be secured due 
to the failure of the residents to co- 
operate completely when this method 
was being used. For these reasons 
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the original scheme of comparing 
three different methods of saving fuel 
had to be abandoned in favor of the 
only method (reduced time) which 
was found practical for this test. In 
this method the steam was cut off 
from all radiators in the middle of 
the day. The original method called 
for turning off the heat between 11:00 
a. m. and 3:00 p. m., but this method 
was modified depending upon the tem- 
perature of the outdoor air. It is be- 
lieved that the third method would 
prove very successful wherever ra- 
diation could be turned off, as 
planned, and doors to the unheated 
space kept closed. 

10 A4-FUU, favorable boiler loca- 
tion, but unfavorable as to exposed 
surfaces and sunshine, had an aver- 
age living room temperature (60 in. 
level) of 63.9 F for the entire study. 
The general average for the entire 
apartment on December 3, 1942 was 
55.0 F, and the living room average 
at 60 in. level was 59.0 F. At none 
of the three readings for the day did 
the average of readings reach even 
60.0 The averages for the day 
were: morning readings 56.9 F; noon 
56.6 F; and afternoon 52.5 F. The 
temperatures in this apartment were 
this low in spite of the constant use 
of auxiliary heat during the day. The 
occupant was not at home for the 
afternoon readings, but at each of 
the others she reported that she was 
uncomfortable. Her clothing was ob- 
served as 1 clo and her activity as 2 
mets at each visit. 


Fuel Consumption and Weather 
Bureau Data 


The Weather Bureau uses certain 
terms which are important in under- 
standing fuel oil rationing. The daily 
mean temperature is the arithmetical 
average of the daily maximum and 
minimum temperatures, and the num- 
ber of degree-days per day is the dif- 
ference between 65 F and the daily 
mean temperature, when the latter is 
less than 65 F. For example, on No- 
vember 28, 1942 the maximum tem- 
perature recorded at New York 
(Battery Place) station was 41 F, the 
minimum 27 F, the mean 34 F, and 


there were 65 minus 34 or 31 degree- 
days reported for this day. 


The usual method of estimating 
probable fuel consumption during a 
heating season is to assume that the 
seasonal fuel consumption is directly 
proportional to the degree-days in 
that season. Although this method 
gives fairly satisfactory results for a 
season, it does not give as accurate 
results when trying to estimate fuel 
consumption for a single day. There 
are a number of reasons for this lack 
of accuracy; for example 65 F is not 
the true mean daily temperature of 
the indoor air in most cases; the 
Weather Bureau daily mean outdoor 
temperature is not the true hourly 
average temperature; and the degree- 
day method does not allow for the 
varying daily effects of wind velocity 
and hours of sunshine, each of which 
is an important variable. The actual 
quantity of heat lost from a structure 
per degree-day is appreciably greater 
on a day when there is little or no 
sunshine and a high wind velocity 
than it is on a sunny, calm day. 


A modified degree-day method, cre- 
ating a 70 F base degree-day, was 
followed in this study. The basic pro- 
cedure was to burn two-thirds of the 
normal fuel oil on each day of the 
test in each building unit. The de- 
termination of the normal consump- 
tion for space heating was based 
upon the modified degree-day method 
used for the test. A study of the fuel 
oil consumption in all units during 
1939, 1940 and 1941 showed that the 
oil used for space heating per 65 F 
base degree-day was not very con- 
stant. By adding 5 to each degree- 
day per day, the 65 F base degree- 
day may be transformed into a 70 F 
base degree-day. The oil used for 
space heating at Hillside per 70 F 
base degree-day was more nearly con- 
stant than per 65 F base degree-day, 
as shown in Table 5. The explanation 
of this result is that the mean indoor 
air temperature for apartments is 
known to be nearer 70 F than 65 F 
and furthermore, outdoor air tem- 


Table 5—Oil consumption for space heating in Hillside Homes 
(Data for years 1939, 1940, 1941) 





- RANGE OF CONSUMPTION IN GALLONS PER DEGREE-DAY 


BUILDING UNIT I 





70 F Base 


65 F Base 
Degree-Day 


Degree-Day 


























Month 
1939-40 1940-4 1939-40 1940-41 
RA oR A a A kore 27.57 — 30.38 24.50 — 26.35 
OS SC Seer eee 28.16 — 31.89 24.37 — 27.76 
NS ee AS Pe eee eres: | ey 30.06 32.32 25.78 — 27.61 
EE. hd Rid oan ee Ge Re ae ie we we ... 84.18 — 41.42 27.07 — 28.77 
I a a oat ae bh eh eee ste eee ee eae 39.12 — 4461 22.41 — 29.18 
i . oo aee.c cheer cicen &O4es deb eee beh ene 30.46 — 37.07 24.38 — 28.25 
NE a re A ee 28.61 — 31.62 24.13 — 26.54 
TS. TUE © ha 4 ke cows See HAR SSA us8 33.4 7.0 
eee Wak, B70 Wile Gi iv iwed ens cdnwdisies ©  easevdies 18.0 
ALL UNITS 
65 F Base 70 F Base 
Degree-Day Degree-Day 
RG DIG ines cc. ciintins dveseten sees 30.9 24.7 
16.5 





Dane Wied, B70 Wee Gk oc ws ewe scdsvcsss 








314 


peratures at Hillside observed pj | 
averaged for 9 days of the test pe. | 


riod, were 1.2 F lower than t} js. 
reported by the Weather Bur ay 
(Battery Place) at 9 a. m., and 1.) P 
lower at 4:20 p. m., as given in T ble 
8. These effects both tend to m ike 
the daily fuel oil consumption ph ore 
nearly proportional to the differ: 
between 70 F and the Weather 8». 
reau mean daily temperature of 
outdoor air. 

The daily test allowance for 
oil for hot water heating was base: 
on the average July consump 
during 1939, 1940 and 1941 wit 
one-third cut. 

For space heating, the allowan 
oil was established for each unit s 
that there would be a one-third sa, 
ing of fuel on the 70 F base degre 
day. For example, Building Uni: 
was allowed 18 gal per 70 F base ¢ 
gree-day, a cut of one-third on 
average consumption for the 
three years of 27 gal. 

During the actual tests, there 
some husbanding of fuel oil, so tha: 
there was'a saving of more than on 
third on fuel. This was done by th 
operating staff in order that more fu 
might be burned in colder weathe: 

The consumption of fuel oil, gas 
and electricity in these apartments 
from November 1941 through Febru 
ary 1942, and November 1942 throug! 
February 1943, is given in Table 1) 
as supplied by the Hillside Housing 
Corp. 

Use of Auxiliary Sources of Heat 
Auxiliary sources of heat were used 
by the residents during the test, a: 
the results obtained by the occupants 
of the three most unfavorable apart 
ments are given in Table 11. It show: 
that as auxiliary sources of heat we. 
increasingly used by these occupants 
higher living room temperatures a! 
60 in. level were recorded by observ 
ers; and that the yes response of th 
comfort vote was accordingly highe: 
Apartment 60 Al, using auxiliary 
heat almost constantly, increased th 
average living room temperatur 
60 in. level from 4.4 to 4.6 F abov 
that of 60 A4 and 41 D4 respective! 
which did not use auxiliary heat | 
the same extent. 

Effects of Apartment Location « 
Exposure Upon Air Temperatures 
Examples from temperature readings 
taken in apartments selected to show 
the effects of distance from boiler, e%- 
tent of cold surface, and sunshine 
upon the room air temperatures ar 
shown in Table 12. In this table, th 
temperatures observed at 60 in. level 
in the living rooms of these apart- 
ments (all located in the same build- 
ing unit) are compared for two «pe- 
cific days and averaged for the 
complete test period. On the days of 
November 22 and November 28, the 
living room temperatures are ¢ ven 
for the morning period (readingst. <e" 
between 9 a. m. and 11 a. m.), "00" 
period (12:30 p. m. to 2:30 p. ™.), 
afternoon period (4 p. m. to 6 p. ».), 
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j 
nd | able 6—Fuel oil consumption and and for the average of these three shaded apartment was 4 F on No- 
st be. | Beomputed savings over normal use readings. These days were selected vember 22, 1 F on November 28, and 
those aa because of the low outside air tem- 2 F for the entire test period. This 
uray "Euathied Pa ly Sineietninn perature and large number of hours temperature difference is particularly 
1.) F \: FuelRation Used Savings of sunshine. Auxiliary sources of heat noticeable in the noon observation 
Tiible - 534 492 37 within the apartment at the time the when, on November 22, the tempera- 
make Pa 416 502 2 temperatures were read are noted in ture difference was 6 F. For the en- 
more 18 +74 +4 +. the table. The averages of 84 read- tire period the occupant of MMM said 
rene 20 554 302 20 ings of the daytime temperatures at she was comfortable 54 times and un- 
° zo 5° " ° : ee" ° = . " 
PB 21 Soe aoe +4 the 60 in. level in the living room in comfortable 25 times; while the occu- 
f the 23 640 572 41 these apartments for the entire test pant of MMF said she was comforta- 
-4 44 r+ 7 are included. The comfort vote and ble 63 times and uncomfortable only 
it 268 416 558 11 use of auxiliary heat for the two days 15 times. 
’ 7 614 505 45 Fae 2 Des aga Hee ;' —— 
based 28 740 868 40 and the entire study are also given. By comparing apartment Uw 
pil 7 34 sc3 + In comparing these results, when with MMF, the difference between a 
an on aie a apartment UUU is compared with completely unfavorable and a gen- 
1 of aes oa MUU’ = Silat ‘ erally favorable location is clearly 
2 704 602 43 l , the effect of distance from the : 
Ce ¢ 3 931 $88 51 boiler is shown, since the first apart- shown. The difference between the 
An 19 3 pein “a avare > . a » ring 
. 5 777 850 27 ment was near the end of the steam average temperature in the living 
- $ hg, ene supply line and the second one was room of MMF and UUU was 6 F on 
Bre : 740 645 42 in the mid-group. The difference be- | November 22, 4 F on November 28, 
; 10 is 675 i1 tween the average daytime tempera- and 5.1 F for the entire test period. 
de 0 4O- io . “ee iv ” ce te artin « . » oa bea , > : 
ube 11 687 540 47 tures in the living room of these two This is particularly striking when it 
1 th ” 2 55 , ae es a ‘ iat ~~ ae ae - 
a, or ae $3 apartments at 60 in. level was 4 F on is noted that auxiliary source: of heat | 
~ ——- es November 22, 1 F on November 28, were in use at practically all hours 
Unit 1 17,173 15,609 39.5 and 1.8 F for the entire test period. - l t U on November ~ while wa 
wa - — -- - The comfort vote for both apartments auxiliary heat was used in MMF on 
tha ae 50.163 €9.709 - for these two days was positive ex- the same day. Table 12 shows a strik- 
one cept for apartment UUU on noon of ing contrast in the comfort vote for 
the ‘Sundays or Holidays. November 28. However a wide dif- these two apartments. The occupant 
fur ference is shown when the comfort of apartment Ul U with the most un- 
e! oe a vote for the entire test period is favorable location and exposure said 
a : vsacliaid considered: Apartment UUU has 36 she was comfortable 36 times during 
a test period Yes votes while MUU has s total the test period; while the occupant of 
bry. _ 9 CNevember and December, 1942) of 47. MMF, a more favorable apartment, 
uch ff ——— ° - said she was comfortable 63 times in 
e 10 Hours W hen apartment UMM is compared response to the comfort question. It 
sing CF ws on ~— with UFM, the effects of different ex- should also be noted that apartment 
Bag Date mph Dir. shine (65F) Temp tents of cold surfaces may be shown. UUU constantly used auxiliary heat 
- . omg er a >. 3 7 The ne ahd poate of the more sources during the entire test period. 
al + J — : f , 4 4 ’ 4 rposec > r¢ s 2 ‘eo ‘ 
: ; 17 12.9 | sw 9.6 13 12 expose apartment was 2 F lower on One might conclude that it would 
ust , 1S) 16.5 nw 6.3 i 5 November 22 and 8 F lower on No- : 2s : 
a 2 19 145 s-nw 9.0 7 58 , : have been possible, originally, to in- 
ar > 2 6 «8.8 - @ 8 ‘ vember 28. For the entire test period awe ; 
ants 7 ; a- * 1 : +4 ‘ stall more radiation in the least fa- 
_ 4 21 = 16.0 n 1.0 5 50 the more exposed apartment had a 4 ; 
art . - +e zs 6.5 F lower average living room tem vored apartments, or to zone groups 
he ae 2.9 , 0.6 26 39 : E & = of apartments with similar exposure 
10V 24 15.1 =o ne 0.0 20 15 perature than the less exposed one. 
vel 25 (20.0 n 0.0 18 17 Dees ties eens clicmen tn Ohh and heat losses. The fact is that the 
nt . Ss AW 2.9 13 52 a ewe oe . buildings studied are quite typical of 
_ 27 «= 23.2) nw 8.5 24 ‘1 comfort vote for these two apartments : . : ' 
at 2820.1 w 8.8 31 34 on November 22 and 28. but the co heating practice, and with fuel ration- 
‘TV: o o..6|CUw 2° +4 . - ro thei -ralinggy ieovesyt ing, these same effects will undoubt- : 
: 300 13.7 w 8.4 23 42 fort vote for the 28 days of the test . eT 
the a : 2 : ’ edly be observed in other buildings i 
ec. 1 16.4 e 0.0 18 17 period showed that the occupant of ae 
her 9 395 w 6.2 29 a8 UMM. which had t ail ot where, due to overheating in the past, 
7 4 7 ” ‘ena, 7 - - “ . 
‘at 8 83.7 w 9.4 41 24 ” Be © grea Care: © they have not shown up before. Daily 
ary (244 w 94 39 26 cold surface exposure, said she was . . ' 
t] 5 212 w 7.1 33 32 chin ante Gh esas ehiie th changes in wind direction and velocity 
at S + 8 _ +s => 36 ones re t UFM ea Be - 47 and in the number of hours of sun- 
: J q fae 2$ 36 i s re > ; 
ove i § 9.6 n 9.3 31 34 presi to th ube P cake si . , shine further upset any attempt to 
el P 2 iS o 0:0 32 33 : Eee, eee maintain precisely the Same air tem- 
| fe i] 70 06OUWw 00 28 37 By comparing apartment MMM yeratures in all apartments at all 
» r = « - . P P . . P . . . . 
: at* a. 2 +4 40 with MMF, the effect of sunshine is times. Fuel rationing definitely lim- 
i EA, AE at illustrated, because the solar orien- its the open window type of control so 
i tation of MMF is more favorable than frequently used in the past and the 
lie able 8—Comparison" of outside tem that of MMM. The difference between inescapable conclusion from _ these 
Yo peratures at Hillside versus w. th the average temperature of the sunlit test results is that the residents must 
RB ety- all apartment and that of the partially make considerable adjustments in 
ex- er bureau temperatures (Nine days ; 
ine at beginning of test period) 
are — — es eas : 
the Sa ne Table 9—Increased cost of gas and electricity for auxiliary heat—November, 
eal 9:00 a. m. 4:20 p. m. 1942, through February, 1943, as supplied by the Hillside Housing Corp. 
; 942 Weather Weather 
irt- wide Bureau Hillside Bureau Hillside a a Ss —— $< — 
ild- 16 2) 89 38 - - ~ "ns baasaenaell Wasaaeat” Glakerad Inereased 
; 17 2 ; 57 53 Winter of Winterof Increased|| Winter of Winterof Increased 
he 18 57 M4 os ts 1941-42 1942-43 Cost || 1941-42 1942-43 Cost 
the 7 ; : || — —— 
f 0 34 67 66 63 November e-+-$ 931.21 $1,268.26 § $37.05 || $3,057.21 $3,415.00 § 357.79 
e 21 81 54 68 68 December ........ 1,069.09 1'655.57 586.48 || 3403.47 4,510.25 1,106.78 
the 22 32 se $ 4 January 1,011.76 1,635.76 624.00 3,287.17 4,950.86 1,663.69 
en Hy 37 32 39 37 February ad 3.60 1 oet.ee 574 1% 3,105.99 4,7 82.79 1 676.80 
“en —_ 40 50 48 ON a ads $2,120.70 $4,805.06 | 
VERA 7 q - — 
son 47.0 45.8 53.0 52.0 Grand Total Gas and BWilectricity. ........ soe s cece ccc ees see sescceseesess $6,925.76 
1), = ao ' 
m by project engineer, outside his In this connection it should be noted that there were 464 Weather Bureau degree- { 
) pa 
Fs . t. days in New York City in November, 1941, and 555 degree-days in 1942 | 
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Table 10—Consumption of fuel oil, gas, and electricity from November, 1941, 


























through February, 1942, and _ Novem ber, 1942, through February, 1943 
FUEL OIL r GAS |. ELECTRICITY 

Gal. oe, v) eee || Cu Ft per Apartment Kwhr per Apartment 

Winter 1941-42 2-43 | 941-42. 1942-43 1941-42 1942-43 
November ....... 71.0 42.9 1,158 1.766 3813 152.8 
December ........ 95.3 63.3 1,374 2,546 = || 164.3 233.3 
re  accecteu 116.0 64.0 1,285 2,506 | 149.9 268.9 
February ....... 107.4 55.3 i] 1,224 2,322 131.3 233.9 

| | —- 

. 389.7 225.5 5,041 9,140 || 576.8 889.0 


__ Total _per_ Apt. 








Table 11—Use of auxiliary sources 5 of heat 


a. * ames Expomure Auxiliary7 





Record Lowest 
Temperature for 


“AV erage . 60 in. 
Living Room - + 


( ‘omfort Vote. 














ode eat Entire Test for Entire Test Yes No 
60 Al UUU ++ 60 in. BR. 55 F 70.5 F 57 18 
(Gas oven in 
Kitchen ) 
60 Ad UUU eee 60 in. B.R. 56 F 66.1 F 46 13 
(Gas stove burner 
in Kitcher.) 
41 D4 UvUU “9 30 in. BR. 49 F 65.9 F 40 31 
(No heat) 
+See footnote Table oo ag yas i > ; 
clothing worn to secure equal comfort ments. Twenty-seven women added 
in apartments where lowered air tem- flannel sleeping garments, 5 added 


peratures will certainly exist. 

Clothing Adjustments Made by 
Tenants to Low Room Air Tempera- 
tures: Table 13 gives the clothing 
practices and adjustments of 45 fami- 
lies. This information was secured 
toward the end of the study after the 
families had experienced the discom- 
forts of the lowered temperatures re- 
sulting from fuel oil rationing and 
had had an opportunity to make the 
adjustments they felt necessary for 
physical comfort. 

Table 13 shows that in the 45 fami- 
lies, 422 women and 25 men made ad- 
justments in their daytime clothing 
because of lower air temperatures in 
the apartments due to fuel oil ration- 
ing. Twenty-four women added 
warmer clothing, including slacks, 
warmer dresses, wool snuggies, part- 
wcol undershirt, heavier housecoats 
or bathrobes, etc.; while 18 added 
sweaters only. Sixteen men added 
sweaters only and 9 men added long 
underwear or wool shirts and warmer 
bathrobes in addition to the sweaters. 
Thirty-three women and 16 men made 
adjustments in their sleeping gar- 


extra top or warm bed jackets, and 1 
slept in bathrobe over her sleeping 
garment when the weather was very 
cold. Fourteen men added flannel 
sleeping pajamas, 1 man adopted cot- 
ton pajamas (wearing pajamas for 
the first time), and 1 man wore an 
undershirt under his cotton pajamas. 


Table 14 shows that when the 
apartment was over 72 F 90 per cent 
of the occupants in the sample group 
considered it warm enough and that 
when the temperature was between 
68 F and 72 F, 81 per cent still felt 
comfortably warm. When, however, 
the room temperature was under 68 F 
only 46 per cent of the occupants con- 
sidered the temperature comfortably 
high. 


When the sensations of comfort of 
the occupants were compared with the 
clothing worn, results were obtained 
which at first seemed puzzling. More 
or less uniformly, the persons wear- 
ing light clothing expressed them- 
selves as better satisfied than those 
who had put on heavy clothing. When 
such subjective reactions are obtained 


they rarely apply to the exact  aty, 
of the subject at a given momer | by 
reflect his general appraisal «  {}, 
total situation. It seems obviou tha 
those who added extra pro! ctiy, 
clothing to their ordinary weari: © a». 
parel were those who are consis ont) 
cold-blooded, and the emotiona! rea,. 
tion of such individuals toward «4 «;. 
uation which had compelled th » ; 
change their habits may naturs |y | 
expected to be unfavorable. 

All in all, it is obvious that: 

1. These tenants were definite) 
uncomfortable at temperatures unde 
68 F. 

2. Certain individuals reacted ; 
this situation by wearing additiong! 
protective clothing, but this practi 
was apparently followed only by thos 
who were most sensitive to low te. 
perature, and that protection was ny 
increased to a_ sufficient degree 
make the low temperature condition; 
tolerable. Clearly some individuals 
can endure low temperatures even jp 
their ordinary clothing without ser}. 
ous discomfort while others are more 
sensitive and feel dissatisfied evey 
after they have modified to some ex. 
tent their normal clothing habits. 

Clothing Weights for Special Grow 
of Families: A group of 12 families 
were selected from which data of spe. 
cial interest could be obtained in re- 
gard to the efforts of the occupants 
to meet low temperatures by wearing 
additional clothing. They were pro- 
vided with scales and each night whe 
undressing for bed all the daytim 
clothing, worn at the time, wa 
weighed and the weight recorded (a’- 
ways exclusive of shoes). This was 
done for each member of the family 
These data are of special interes 
since it is known that the protecti 
value of clothing can be roughly est: 
mated by its weight. On November 
22, when the temperatures of the 
apartments averaged 69 F, the aver- 
age weight of clothing worn by th 
men was 3 lb 6 oz and the weight 
the clothing for the women was | | 
12 oz. On the coldest day of t 
study, December 3, the weight of 
clothing for men had risen to 3 |b 3a 


Table 12—Daytime temperature of living room at 60 in. level 


(Semple group of apartments) 

















uU MUU UMM UFM vMM MMI 
Apartment Code and Exposure (¢ sode 60 A4 79 B4 44 Ad 44 Al 79 B2 79 A 
Nov. 22,1942 2 
ie ee, os ks ab cha mus adage ea 68 70" 68 72 71 
Noon SN AT eT Pe Te Peer Tre eee ee 67" 75 70 73 70 ¢ 
Ph Pl Stree ckdweigh actbbpenaeveste nes 6.64605 69 70 68 68 69 i 
Ros aoe wee Oe OP Ba This c does Ktccccsesiiviass 68 72 69 71 70 ' 
Day’s Average All Temp. in Apt..........-..-++--++: 66.4 67.3 64.9 69.2 69.2 
Comfort Vote Ke ( Yes A.M. N. A.M_N. N. A.M.» A.M N. A.M. N N. P.M 
F ehh hha tds ake Ohke eee wee ) No PM» PM» PM» PM» PM i 
Nov. 28,1942 
Pe Me Ns occ cece aevenscandtnesesevesasess esos 66" 69 66 74 71 
Ee i te anneal hak ee eee 66" 70 66 74 72 
ie ee aot. caw) bea sae ORES wS BO Ra EOE 688 70" 64 62 70 68 69 
a ce eet Se Ok Be «Bes ocd 6 we ace ceseeneceass 67 67 65 73 70 
Day’s Average All Temp. in Apt...........--++-- a . 66.4 - os “ou - oe ane - 68.8 p et ” 
Cc 4 : {| Yes » =e _M. Nb > ‘ p I ML. mM. 7 
NG CON Ln 2 cdo ta ale ped Gaede eeaces ow No N A.M. N PM PM 
7 7 c.f } 
Lowest Temp. Observed During Test............--- oy ox F — § ', F - F 
Highest Temp. Observed During Test............... :s 4 ~~ F 2F 7 F “yg 5, 
Average 84 Readings for 28 Days of Test......... 66.1 67.9 64.4 70.9 69.2 - 
a) y 28 < . R \ Yes 47 36 29 44 54 
Comfort Votes for 28 Days of Test........ ) No 13 DR 19 34 25 4 
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mnt. bet Table 13—Clothing practices and adjustments 
‘ the 4 ————— —————— _ ae = = . 
' . Waking Hours Adjustments Sleeping Adjustments ; 
us that scription Men Women Description Men Women 
yt ive - _ pn sR a Sy = “ 
; - ANBE 2. - cee eescevces s 3 WO CHEARBO 2.2. cccscccsces 29 12 
ap- ead iac Extra top or bed jacket, 
Ss‘ ently paced ae oF jenn, 16 18 ree ee ccc es 0 
1 rear rn : : ‘ Wore pajamas for the first 
i ni for siack -—_. oe De .ndenenteateaeeen tees l ) 
i Sit. ess, woo! snuggies, heavier alee 5 a 
hem t oust coat or bathrobe, un- a flannel sleeping gar - . 
hwo ershirt or flannel shirt, or BMROMTB «ccc eeseseseessesse o4 
ly be Macket or sweater......... 0 24 Wore undershirt under pa- 
dded sweater and long POOP FT aS 1 0 
pnderwear or wool shirt or Wore bathrobe over sleeping 
bathrobe (men) ....-+++-s 9 0 garments when very cold.. 0 l 
hnitely ‘> information ........-. 12 0 No information ........... 0 0 
inder OTAL NUMBER MAK- TOTAL NUMBER MAK- 
NG ADJUSTMENTS .... 25 42 ING ADJUSTMENTS..... 6 
ted OTAL NUMBER  MAK- TOTAL NUMBER MAK- 
a ING NO ADJUSTMENTS ’ l 


NG NO ADJUSTMENTS. 8 3 

















nd that of the women to 2 lb 2 oz. 
he observers noted that the children 
were generally more warmly dressed 
han the parents. 


Table 15 shows, in sample group of 
amilies, the general relation between 
he type of clothing worn and room 
emperatures. It will be noted that 
when the room temperature was over 
2 F, 70 per cent of the occupants 
vore light clothing, 23 per cent me- 
tium weight clothing, and 7 per cent 
eavy weight clothing. When, cn the 
pther hand, the temperature of the 
oom was under 68 F, only 24 per cent 
pf the occupants wore light clothing, 
55 per cent medium weight clothing, 
and 21 per cent heavy weight clothing. 


P more 
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Protection by Use of Heavier Cloth- 
ng: Thermal comfort, at an assumed 
pptimal skin temperature, involves 
hree factors: rate of heat production 
pf the body (dependent on the degree 
pf muscular activity); the insulation 
alue of the clothing worn; and the 
environmental temperature. 
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The terms met and clo, indicating 
body heat production and insulation 
value of clothing, respectively, were 
leveloped at the John B. Pierce Lab- 
pratory of Hygiene, New Haven, 
onn. Briefly, met, the thermal activ- 
ty unit, is approximately the heat 
Sproduced by a subject resting in a sit- 
ing position under conditions of ther- 
mal comfort. One met varies in abso- 
ute amount with the size of the indi- 
ridual. For a man of average size 
it is approximately equivalent to the 
heat generated by a 100-watt lamp. 
lo, the unit for thermal insulation 
value of clothing, is logically the 
amount of clothing insulation neces- 
Sary to maintain in comfort a sitting- 
resting subject, activity 1 met, in a 
normally ventilated room (air move- 
ent 20 fpm or 10 em/sec) at a tem- 
perature of 70 F and a humidity of 
less than 50 per cent. 
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One clo of clothing insulation per- 
mits the temperature to be dropped 
about 12 deg from the 83 F to 85 F 
level that is comfortable when at rest 
nude. The protective value of an ordi- 
hary light-weight man’s suit is ap- 
proximately 1 clo; the average 
woman's elothing, indoors, has the 


ct100 





BG se denned necseevecese 


insulation value of % clo, which ac- 
counts for the fact that women prefer 
a temperature about 5 deg warmer 
than that preferred by the clothed 
man. 

These terms were used during the 
study. The field workers recorded 
their observation of the housewife’s 
clothing in clo and her activity in 
mets, at the time of each visit. Table 
16 shows how these were employed in 
interpreting the comfort vote. 

Table 16 shows the adjustment of 
two cooperators to varying tempera- 
tures. The average daily clo for these 
two cooperators for selected days of 
the test indicates that as the mean 
daily temperature (Weather Bureau) 
decreased the cooperators added more 
clothing; and that the tendency 
seemed to be to continue wearing the 
added clothing for two or three days 
afterward, even when the mean daily 
temperature (Weather Bureau) 
showed a rise of as much as 8 F. 

On November 18, 19 and 20 (the 
three warmest days of the test period) 
and on November 29, 30 and Decem- 
ber 1, when the mean daily tempera- 
ture (outdoor) ranged from 61 F to 
47 F, cooperator 80 A4A—MMM used 
clothing insulation that varied from 
0.5 to 0.87 clo; but on December 2 
when the mean daily temperature 
dropped to 36 F the clo value went to 
0.95. On December 3, the coldest day 
of the test period, the cooperator was 
wearing 1.1 clo, and was still wearing 





this amount of clothing on December 
5 even though there had been a rise of 
8 F in the mean daily temperature. 

It is even more striking in the case 
of cooperator 28 A4—MUM: on De- 
cember 3 she added clothing to total 1.2 
clo and on December 5 the clothing 
observation was 1.5 clo. Observations 
recorded show that both occupants 
were almost consistently uncomfort- 
able from November 29 through De- 
cember 6. Daily temperature readings 
recorded for these days show that 
there is a variance of 0.1 F to 2.0 F 
between average living room tem- 
peratures at 60 in. level and average 
apartment temperatures, except on 
December 6 in 28 A4 when the living 
room average was 5.2 F higher. In 
three instances the living room tem- 
perature was lower. 

Re-scheduled Activities as Result of 
Low Temperatures: In order to be 
more comfortable at lower tempera- 
tures, many residents reported that 
personal and family activities were 
re-scheduled. Chores requiring greater 
amount of physical activity, such as 
mopping kitchens or bathrooms, mak- 
ing beds, etc., were reserved for pe- 
riods when heat was off during the 
middle of the day and early afternoon. 

Hours for the family laundry were 
changed to coincide with the rationed 
hot water schedule, or in some cases 
the laundry was sent out because of 
the short period in which hot water 
was available. The ironing was done 
when there was little or no heat dur- 
ing the day or at night after the heat 
was turned off. Families having to 
send their laundry out complained of 
the additional cost. 

In order to have auxiliary heat 
without wasting fuel, many families 
reported that they did more baking, 
roasting and broiling, and had more 
oven-baked meals since fuel rationing. 
Family bathing schedules had to be 
revised and much inconvenience was 
reported, especially where there were 
small children. 

The social life of many families had 
to be reorganized. Some families re- 
ported having few or no callers and 
no social activities in the home, be- 
cause friends found apartment too 
cold. One said that she kept all extra 


Table 14—Relation of comfort sensation to room temperature (sample group 
of families) 


Per Cent of Women Voting Apartment 
Pi P< ona de ngantad sca seus in 





73 F and over 6S F 


toom Temperature 
’.72 F 67 F and under 


90 s1 46 


Table 15—Relation of weight of clothing used to room temperature (sample 
group of families) 


Type of Clothing Worn 
Ph . che au ce baie eke ene Ode oe i i 
ST ry rr eee 
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Per Cent of Women Wearing Clothing of 


Each Type 
73 F and over 68 F-72 F 67 F and under 
7A 45 24 
23 41 AD 
7 13 21 
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wraps available when she had visi- 
tors. The kitchen in many apartments 
became the center for family and so- 
cial activities. 

Washing dishes was grouped into 
three classes—those who rushed to 
get the dishes washed before hot 
water was shut off, those who heated 
water for the purpose, and others 
who stacked all dishes, pots and pans 
until the water was hot in the evening. 


There was a tendency among the 
residents to spend more time outdoors 
because of the low temperatures in 
the apartments. Children were kept 
out or permitted to stay out later in 
the afternoons. 


The retiring time and rest periods 
of many families were affected by the 
fuel oil rationing program. Families 
went to bed earlier because of low 
temperatures. Some of the residents 
reported taking naps in the afternoon 
in order to keep warm. 


General Conclusions 


1. In these tests, the average of 
over 4,000 readings of the daytime 
temperature of the indoor air at the 
60 in. level in the living rooms of 49 
apartments was 66.7 F; there was a 
saving in fuel oil of 42 per cent but 
auxiliary sources of heat were used 
by the residents (See Tables 9 and 
10); the average of the mean daily 
temperature of the outdoor air 
(Weather Bureau) for the 28 days of 
the test period was 41.1 F. The nor- 
mal mean temperature for the heat- 
ing season from October 1 to May 1 
in New York City is 40.8 F. When 
the temperatures were read, the resi- 
dents were asked if they were warm 
enough; out of 564 answers to the 
question on sampled days, 394 or 70 
per cent answered yes. 

It should not be concluded that a 
temperature of 66.7 F was maintained 
at all daytime hours in all apartment 
living rooms; or that this temperature 
could be maintained in the average 


apartment without the use of auxili- 
ary sources of heat. In one apart- 
ment with average exposure, and lo- 
cated close to the boiler, selected as 
an illustration because observers 
found auxiliary heat being used only 
6 times during 60 visits, the average 
temperature for all hours of the test 
period at the 60 in. level in the living 
room, obtained with a recording ther- 
mometer, was 63.9 F 

Unless considerably less than two- 
thirds of the normal consumption of 
oil is burned in mild weather it would 
not be possible to maintain daytime 
temperatures over 60 F in these apart- 
ments, or in other similar ones in New 
York City in the cold months of Jan- 
uary (normal mean temperature 31.3 
F) and February (normal mean tem- 
perature 31.2 F), without supple- 
menting the oil ration with auxiliary 
sources of heat. It requires extremely 
good judgment, even a knowledge of 
the future, on the part of the operat- 
ing staff to properly husband the 
allotment of oil. 

2. Auxiliary heat sources used by 
residents, as observed by the field 
workers in a total of over 4,000 visits, 
included: 








Per cent of 
total visits 
Electric heaters 
en i co ciwabes Can eues 5 
Gas stove burners.......... 6 
Hot water in bath tubs and 
wash tubs 
anne mrt nee —— — 
The percentages shown ae not in- 
clude observations when the gas oven 
and top burners were on and appar- 
ently being used also for cooking pur- 
poses. Many housewives reported that 
they had adjusted their meal planning 
to include more oven-baked meals, 
baked desserts, baked breads, etc., so 
that some practical use could be made 
of the gas used for auxiliary heat. 


On cold days, and in some of the 
colder apartments on average days, it 
was not unusual to ‘find an electric 
heater, gas oven, and top burners of 
gas stoves all being used simultane- 
ously as sources of auxiliary heat. 


Gas and electricity were furnis e 
for auxiliary heat without extra c. st, 
The costs of these for the five unit. iy 


November and December 1941 .ndf 


January and February 1942, as ¢ m- 


pared with that of the same months 
in 1942 and 1943, are given in T: ble f 
9 as taken from the accounts of the f 


Hillside Housing Corp. It shows ‘he 
increased use of gas and electricit\ to 
provide auxiliary heat on the par’ of 
the tenant with its accompanying jin- 
creased cost. The increased use of 
gas and electricity for auxiliary } cat 
is shown in Table 10. 

3. Before oil rationing went nto 
effect, it was the practice in apart- 
ment houses to burn sufficient oi! to 
keep the air temperature in the least 
favored apartment at a comfortable 
level. To adjust for inequalities in 
distance of apartment from boiler, 
extent of cold surface, and sunshine, 
each resident controlled the tempera- 
ture in the more favored apartments 
by opening windows or in isolated 
cases by turning off radiators. 

Now that oil rationing is in effect, 
the effects of distance from the boiler, 
extent of cold surface, and sunshine 
complicate the problem of resident 
control of air temperature, particu- 
larly if there is no zoning of the 
heating system. 

With one-third less fuel oil, if the 
apartments near the boiler and with 
favorable exposure or orientation are 
kept at comfortable temperatures, it 
is inevitable that other less-favored 
apartments will be below comfortable 
air temperatures. 

4. Asa consequences of the storage 
of warm water in tubs, generally 
closed windows, and of the burning of 
large amounts of gas in the unvented 
stoves with the consequent formation 
of water vapor, the relative humidity 
in many of the apartments became so 
high that there was considerable con- 
densation of water vapor on windows 
and even on the inside surfaces of ex- 
posed walls. The residents had to mop 
up water several times a day. This is 
a situation which may also occur in 
other apartments. 


Table 16—Relation of clothing insulation and temperature 
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NOV E ta BER DE ¢ P ahaha 
18 29 10 1 2 4 5 8 
~ ieenaeadicinla 
a Average Vel-mph 16.5 14.5 21.2 ».6 13.7 16.4 ’ 33.7 24.4 21.2 18.3 
=| Wind Direction NW S-NW W Ww Ww oF Ww Ww w Ww NW 
®s Hours of Sunshine. 6.3 9.0 6.8 2.0 8.4 0.0 6.2 9.4 9.4 7.2 9.4 
$F pares. Dave 65 F.. 7 7 4 25 23 18 29 41 39 33 49 
S$ Mean Daily rae a a f. te , 7 s a 
$= Temperature ..... 58 58 6 10 ‘2 “ . =4 26 oe ‘ 
» eee 68.0 65.2 68.0 60.2 60.6 60.0 63.: 59.3 58.3 8.0 8.9 
5 1) 
q ane pvereas Ms 0.8 0.87 0.5 0.7 0.7 0.7 0.95 1.1 1.0 1.1 0.77 
| rong SS Teel 1.3 2.3 2.0 1.7 5.0 2.0 2.5 1.7 2.0 2.3 2.3 
<= 8 yes no no no no no no no no 0O-T.B. no 
< Auxiliary Heat 2. sun sun sun no sun no no O-T. B. sun no sun 
- at Readings 3. sun sun no no no no oO no no no no 
« oota Yes 3 3 3 _ — - 1 — - 
Comfort Vote. {x No PB. Bh od 3 > , 3 3 9 3 ; 
. eT. wel ; 66.0 65.8 68.3 63.5 62.2 63.0 60.8 55.5 57.0 61.7 60.8 
. aoa 0.58 0.75 0.9 11 0.8 1.0 1.2 14 1.5 0.8 
a v - e 
reap I ea 1.5 2.0 “ 1.3 1.7 2.3 1 2.0 2.0 3.0 2.3 
b> Z. no no no T.B.* oO. ». H.W. T.B. TB N.H. O. 
< Auxiliary Heat 2. no no no no T.B. T.B. no T.B. N.H T.B. E.H. 
% at Readings — no | no T.B. no no N.H. T.B. T.B T.B. E.H.&T.B 
r es —_— _ _ _ 1 _— — 1 —_ 
Comfort Vote. No 2 i ae 3 3 3 1 4 > i . 








*Symbols. O=Gas Oven. 
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T.B. = Top Burners; H.W. = Hot Water in Tubs. 


E.H. = Electric Heater. 


N.H. = Not Home 
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Final Values of the Interaction Constant 


Third progress report of research sponsored by the American 
Society of Heating and Ventilating Engineers in cooperation 
with the Towne Scientific School, University of Pennsylvania. 


By John A. Goff,* J. R. Andersen,** and S. Gratcht 


Introduction 


/ THis PAPER reports final values of 


the interaction constant for moist air 
for the range 5 to 25 C as determined 
experimentally in a cooperative inves- 
tigation between the Towne Scientific 
School, University of Pennsylvania, 
and the American Society of Heating 
and Ventilating Engineers through its 
Research Technical Advisory Commit- 
tee on Psychrometry. The ultimate 
objective of the investigation is a 
thermodynamic 
properties of moist air which, on ac- 
count of accuracy and thermodynamic 
consistency, can claim universal ac- 
ceptance as standard. To accomplish 
this objective requires first of all to 
measure a certain temperature func- 
tion, called the interaction constant, 
reliable values of which have hitherto 
been unknown. 

A preliminary value of the inter- 
action constant for 15 C was reported 
in a previous paper.’ This prelimi- 


}nary value was much smaller than 


had been anticipated in designing the 
apparatus for its measurement so that 
the allowed errors in individual meas- 
urements did not yield a sufficiently 
small probable error in the final result. 
It became clear, therefore, that the 
apparatus itself and the technique of 
operating it required further study 


'with a view toward improving the re- 


liability of individual measurements. 
Furthermore, it was necessary to 
make measurements at other tem- 
peratures in the range of interest to 
the air conditioning engineer. The im- 
proved reliability and extension to 
cover the range 5 to 25 C have now 
been accomplished. 

Although the interaction constant 
is defined in Chapter 1, Heating, Ven- 
tilating, Air Conditioning Guide 1943, 
and although the theory of the experi- 
ment devised for its measurement has 
been explained in the Preliminary Re- 
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ror presentation at the Semi-Annual 
Meeting of the American Society of Heat- 
‘nk and Ventilating Engineers, Pittsburgh, 
Pa June, 1943. 


for Moist Air 


Philadelphia, Pa. 


SUMMARY—Final values of the in- 
teraction constant for moist air are 
reported. These values are proposed 
as definitive for the range 0 to 30 C. 
Remarkable agreement with the pre- 
dictions of modern quantum statis- 
tical mechanics justifies the use of the 
theory to extrapolate well outside the 
experimental range. It will then be 
possible to compute the various ther- 
modynamic properties of moist air, 
including volume, enthalpy and en- 
tropy for all temperatures and pres- 
sures of practical interest. It is hoped 
that the resulting formulation will be 
acceptable as standard 


port referred to, it seems desirable to 
review these matters briefly here. 


The Interaction Constant 


Statistical mechanics predicts that 
for a mixture of two individual gases, 
the relation between pressure P, spe- 
cific volume v, and temperature T, 
valid at sufficiently low pressures, is 


Pv RT — [A.wx* + 2Aae x (1 — 2) 
+ Bee (1 —— wp TP .0605 ccc (1) 


where the subscripts have been chosen 
with reference to moist air as a mix- 
ture of dry air (subscript a) and 
water vapor (subscript w) in mind. 
In this case x would denote the mol- 
fraction of the dry air. In the special 
case x =o, the mixture consists of 
water vapor alone and only the term 
Aww remains as coefficient of the pres- 
sure in the righthand member. This 
term is called the second virial coeffi- 
cient of water vapor. It expresses the 
effect of intermolecular forces between 
pairs of like water molecules and is 
supposed to depend only on the tem- 
perature. Similarly A,, denotes the 
second virial coefficient of dry air. Re- 
liable values of A, and Aww are 
available in the literature. 

Complete and accurate information 
regarding dry air and water vapor 
separately cannot be made to yield 
complete and accurate information re- 
garding mixtures of these two con- 
stituents; for superimposed on the 
forces between pairs of like molecules 
are the forces of interaction between 
pairs of unlike molecules. The effect 
of these interaction forces on the re- 
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lation between pressure, specific vol- 
ume, and temperature in the case of 
moist air is given by the coefficient 
A.» called the interaction constant. It 
too is supposed to be a pure tempera- 
ture function (not actually a con- 
stant) and its measurement is the im- 
mediate objective of the cooperative 
investigation being reported. 


The Saturation-Isotherm Experiment 


The experiment devised for the 
measurement of the interaction con- 
stant A.w is referred to as a satura- 
tion-isotherm experiment. A _ steady 
s*ream of dry, carbon dioxide-free air 
is passed over liquid water in a suit- 
able saturator and made to leave, 
presumably saturated, at measured 
pressure p and measured temperature 
T. It then passes through suitable 
dryers in which the water added in 
the saturator is removed and collected. 
Now the equation for saturation can 
be derived from Equation (1) by ap- 
plying well-known identical relations 
of thermodynamics, except that cer- 
tain information from the literature 
must be added as follows: (a) the 
vapor pressure of pure water, a func- 
tion of temperature only, p.; (6) 
Henry’s constant expressing the ex- 
tent to which air dissolves in liquid 
(or solid) water, regarded as a pure 
temperature function, k; (c) the spe- 
cific volume of liquid (or solid) water 
regarded as depending only on tem- 
perature, v’'». Details of the calcula- 
tion are given in the Preliminary Re- 
port and only the final result will be 
repeated here, namely, 


(1 — xz) P cP 
log. | —_—_—_——__ A | 1} 
/ 


ps , 











(P Ps) 
—B(l1—,)|——2+—| ....(2) 
| p. P 
U' aps Aco 
where A = kp. , Des Sendo 
RT RT 
AuPs Awwhs 
- RF Rr 
2A 
—— 
Au + Awe 


The parameter A is obviously a pure 
temperature function if Aa, Aae, 
Aw themselves depend only on tem- 
perature as predicted by statistical 
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mechanics. The name interaction con- 
stant can be used alternatively for \ 
and A,w« without risk of serious con- 
fusion. 

The mol-fraction of water vapor 
(1—«) in the saturated mixture can 
be calculated if the weight of dry air 
passing through the apparatus dur- 
ing the same time that the water 
added in the saturator is later re- 
moved and collected in the dryer is 
determined. Then, since pressure P 
and temperature T are measured, 
there would remain only one unknown 
in Equation (1), namely, the inter- 
action constant \. But it was consid- 
ered essential to avoid the necessity 
of weighing the dry air. Consequently 
it was arranged to return the dry air 
to a second saturator at lower pres- 
sure P,, but same temperature 7, and 
thence to a second dryer. The water 
added in the second saturator is col- 
lected over the same period of time as 
that in the first saturator; and since 
the same weight of dry air passes 
through both saturators during this 
time, this weight of dry air can be 
eliminated between two writings of 
Equation (2), one for the high pres- 
sure P, and the other for the low pres- 
sure P,. This elimination makes pos- 
sible the determination of \ without 
requiring to weigh the dry air; mathe- 
matically, 




















inated between two writings of Equa- 
tion (2). Actually, however, no con- 
tradiction is involved. For, since AX 
is a small corrective term, a tentative 
value of \ can be computed from 
Equation (3) ignoring it; this tenta- 
tive value can be substituted into 
either writing of Equation (2) to cal- 
culate an approximate value of (1 — 
x); and from it can be calculated an 
approximate value of w, for the evalu- 
ation of A\ and the subsequent re- 
evaluation of \ itself. 


Evidence of Complete Saturation 


It is proposed to base calculations 
of the volume, enthalpy and entropy 
of moist air cn the values of \ deter- 
mined in the manner described. It 
is therefore important to adduce as 
much evidence as possible to show 
that these do not represent merely an 
empirical adjustment of Equation (2) 
to fit observed data. The most striking 
evidence on this point is presented 
under heading Interaction Constants 
in the form of a comparison between 
the measured values of \ and those 
predicted by quantum _ statistical 
mechanics. But the experimental part 
of the present investigation was prac- 
tically completed before any such com- 
parison was attempted; therefore, it 
seems appropriate to at first confine 
attention to the strictly experimental 
evidence. 











log wi Py In the first place, if \ is a pure 

. on P. } temperature function as assumed in 

ew +4 the derivation of Equation (2), then 
a the same result should be obtained at 

B (m — m) an a given temperature regardless of the 

me: ) pressure settings P, and P:, regard- 

less of the rate of flow through the 

apparatus for given pressure settings 

= A my (3) (within limits, of course), and regard- 
49 ‘Poa less of whether saturation is ap- 

B| ice proached by evaporation or condensa- 
mm J tion. Actually, the different elements 

of the apparatus were so 

where critically matched that 
( wi) | 24 wide variations in these 

1 + 1.60768 — 1— a conditions would have 

We mJ | introduced excessive un- 

loge 1 | certainties in the in- 

‘ta 4 1.60768 _ E a =| | dividual measurements 

We m and thereby have in- 

A isn creased the probable 

c error in the final result 

B(m—m)| 1 — —| to the point of obscuring 

the evidence sought. 

Nevertheless, sufficiently 

and where wide variations to indicate the sound- 


w,= weight of water collected 
after saturation at the high 
pressure P, 

W,= weight of water collected 
after saturation at the low 


ressure P, 
m, = P,/ Ds 
w. = P,/ Ds 


w,—= weight of dry air from 
which w, and ws: are removed 

simultaneously. 
1.60768=ratio of molecular weight of 
water to that of dry, CO.- 

free air 

The fact that w, remains in Equa- 
tion (3) would appear to contradict 
the statement that this has been elim- 
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ness of the method and the practical 
attainment of complete saturation 
were made, 

In the second place, provision was 
made to weigh the dry air as a check 
on the satisfactory performance of the 
apparatus as a whole and as an addi- 
tional check on the soundness of the 
method. It was explained in the pre- 
ceding article how w, could be elim- 
inated between two writings of Equa- 
tion (2), thus permitting the deter- 
mination of \ without requiring to 
weigh the dry air. It was also ex- 
plained that this value of \ could be 
substituted into either writing to cal- 


= 


culate the expected weight of dry 
passing through the apparatus du » 
the time in which the two weight 
water were collected in the dry rs 
The agreement between expected .n) 
directly measured weights of dry 4), 
was always so close that any s! eh; 
discrepancy could be attributed ep. 
tirely to uncertainty in the meas ire. 
ment of temperature (+ 0.02 C) «+: 
uncertainty in the knowledge of th, 
vapor pressure p,, or both. 

In view of the evidence briefly »» 
sented it seems safe to conclude tha: 
the complete saturation assume: ;; 
the derivation of Equation (2) 
practically attained and that 
measured values of \ are indeed thos 
of the interaction constant conten 
plated in Equation (1). 


—~ 7O 


Swe = 
s” 9 


Refinements 


A tentative value of A at 15 | 
namely, 0.075 was given in the Pr 
liminary Report; the final value rm 
ported now is substantially lowe: 
namely, 0.048. This lowering is th 
direct result of various refinements o! 
the apparatus and of the technique o! 
operating it, which will now be dis- 
cussed. 


1. Pressure Control: The desira- 
bility of improving the pressure con 
trol was mentioned in the preliminary 
report. The source of air is a smal! 
oxygen bottle suspended from one 
arm of a sensitive balance. In order 
to limit the pressure in the take-off 
tube and keep it reasonably constant. 
a small reducing valve was mounted 
directly on the cylinder. This valve 
was arran for pneumatic control 
by connecting the space on the con- 
trol side of its diaphragm to a suitabl: 
reservoir filled with compressed air 
The pressure in the reservoir could 
of course, be raised or lowered by ai- 
mitting or withdrawing air. 

During test, the pressure in the sup- 
ply bottle would drop from about 150 
to 200 lb/in.,? too wide a variatior 
for a single valve to reduce to zen 
within a few thousandths of an inch 
of mercury as desired. Consequently 
a second reducing valve, mounted on 
the main control panel, was placed !: 
series with the first one. But even the 
two valves in series permitted th 
pressure in the saturators to drift; 
hence some additional compensation 
was required. Shortly after obtaining 
the data reported in the Preliminar) 
Report, one of the authors of that 
paper (A.C.B.) completed the cor- 
struction of a device which provide 
the necessary additional compensa 
tion. 

The device referred to consisted 
of a tall manometer connected % 
the delivery side of the first reduc 
ing valve and provided with a lamp 
and photocell on opposite sides of its 
mercury column at the desired !eve. 
If the mercury level should drop thus 
permitting light from the lamp “ 
reach the photocell, this light woul’ 
actuate the photocell to close a sult 
able relay and energize a resis‘ance 
heater wound around the reservoll 
communicating with the control sid: 
of the reducing valve. The heat thus 
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added would raise the air pressure in 
the reservoir, increase the opening in 
the reducing valve, and restore the 
mereury level in the manometer to its 
original position. By means of this 
device, the delivery pressure from the 
first reducing valve could be regulated 
to within + 0.15 in. Hg thus permit- 
ting the second valve to regulate the 

ressure in the saturator to within a 
se thousandths of an inch of mer- 
cury over periods as long as 9 hours. 
Additional compensation in the form 
of a manually operated resistance 
heater wound around the air reservoir 
communicating with the control side 
of the second reducing valve was pro- 
vided; but only rarely was it found 
desirable to use it. 

2. Stirring Motors: The stirring 
motors were originally mounted di- 
rectly over the thermostats to which 
the main manometers were also at- 
tached. This made it possible for vi- 
brations to be transmitted to the 
manometers to produce small stand- 
ing waves on the mercury menisci. 
This source of error was easily re- 
moved by building a separate scaf- 
fold on which to mount the stirring 
motors so that vibrations were 
damped out in the concrete floor of the 
laboratory. 

8. Rocking the Saturators: Origi- 
nally it was thought necessary to rock 
the saturators slowly in order to flush 
all inside surfaces with water and 
thus aid complete saturation. But it 
was immediately discovered that rock- 
ing produced small pressure fluctu- 
ations which introduced uncertainty 
into the readings of the manometers. 
Fortunately, preliminary tests had 
indicated that rocking the saturators 
was an unnecessary precaution; hence 
it was stopped with the saturators 
carefully levelled. 


4. Meniscus Corrections: WNith the 
uncertainties described in the meas- 
urement of pressure eliminated or 
considerably reduced, it became feasi- 
ble to achieve further refinement by 
applying more accurate meniscus cor- 
rections. These were obtained from 
data in International Critical Tables. 


5. Thermal Expansion of Mercury 
and Scales: The temperature correc- 
tion for relative thermal expansion 
between the mercury and the steel 
scales of the manometers was recalcu- 
lated from data in International Crit- 
ical Tables. The coefficient used was 
0.9478x10~* (F“). All pressures were 
reduced to inches of mercury at 68 F, 
980.196 cm/sec’ (Philadelphia). Dur- 
ing the later tests, the temperature 
was measured at several points along 
the mereury column in order to obtain 
amore reliable average value on which 
to base the correction for thermal ex- 
pansion. 

6. More Frequent Readings: In or- 
der to further increase the accuracy 
of pressure measurements, readings 
were taken at more frequent intervals 
than in the preliminary tests. Inter- 
vals of ten minutes were used in the 
shorter runs, 15 min in the longer 
ones, so that at least twenty separate 
readings were obtained in any one 
run. The average of all readings was 
used in the final calculation of \ by 
means of Equation (3). 


Further Refinements 


The refinements described in the 
preceding paragraph relate to the reg- 


ulation and measurement of pressure. 
In this paragraph attention is turned 
to refinement in the collecting and 
weighing of the water removed by the 
dryers. 

The drying agent used was anhy- 
drone, Mg (Cl O,)», contained in glass 
towers. Approximately 50 g (grams) 
of anhydrone was introduced into each 
tower by means of an apparatus espe- 
cially designed to minimize contact 
with air during the filling operation. 
It was desired to determine the in- 
crease in weight to within +0.0005 ¢ 
representing an accuracy of about one 
part in 100,000. The chief sources 
of error appeared to be buoyancy, 
variable conditions of the outside sur- 
faces of the towers, and other effects 
produced by changes in atmospheric 
conditions. 


1. External Buoyancy: This source 
of error was effectively eliminated by 
using as counterweight a sealed dum- 
my tower similar in all respects to 
the main towers. This was possible 
since change in weight between begin- 
ning and end of test was the only 
thing of interest. 

2. Internal Buoyancy: Due to the 
nature of the drying chemical and to 
the method of filling the towers, there 
was a considerable volume of air in- 
side the towers. It was obviously im- 
portant to account for any possible 
changes in the weight of this air be- 
tween beginning and end of test. Dur- 
ing weighing, a tower was necessarily 
open to atmosphere through a capil- 
lary tube; hence any change in at- 
mospheric pressure between beginning 
and end of test (possibly 9 hours) 
would produce a change in the weight 
of air within the tower. This effect 
was over-looked in the preliminary 
tests but was compensated for in the 
final tests by unsealing the dummy 
tower for a short time before each 
weighing operation thus permitting it 
to make the same adjustment to at- 
mospheric conditions as the main 
towers. 

An additional internal buoyancy ef- 
fect was produced by displacement of 
air from the towers by the water col- 
lected. This effect is difficult to de- 
termine accurately because the water 
is absorbed as water of crystallization 
and the exact hydrate formed is not 
definitely known. Assuming that Mg 
(Cl0,). - 7 H.O is the hydrate formed, 
the buoyancy correction calculated 
from density data given in Interna- 
tional Critical Tables was 0.0008 g per 
gram of water collected. Information 
regarding the densities of other pos- 
sible hydrates is not very reliable; but 
the evidence is that the correction 
would not be materially altered. 

3. Surface Effects: Deposition of 
moisture on the outside surface of a 
tower will produce an error in weigh- 
ing unless precautions are taken to 
insure that similar deposition occurs 
on the dummy tower also. The various 
precautions include storing all towers 
in a dessicator when not being used 
or weighed, giving each tower a stand- 
ard wiping with a clean rag before 
placing it in the balance case, keep- 
ing a dish of concentrated sulfuric 
acid inside the balance case, and al- 
lowing ample time (25 min) before 
each weighing for the new tower to 
come to equilibrium with the dummy 
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tower inside the balance case. The 
tediousness of the weighing operation 
can be appreciated from these re- 
marks. 

4. Other Effects: Rapid tempera- 
ture changes and temperature gradi- 
ents in the neighborhood of the bal- 
ance produce some convection currents 
inside the balance case. To thermostat 
the laboratory room was impractica- 
ble, but it was found possible to min- 
imize these effects by periodically ad- 
justing the opening of the door to the 
warmer laboratory adjoining. 

Data from International Critical 
Tables indicate that approximately 
4x10“ milligrams of water per gram 
of air passes through the anhydrone. 
An attempt was made to obviate the 
necessity of applying this correction 
by using a P.O, backing tower. But the 
weight of water collected in the back- 
ing tower turned out to be too small 
to measure accurately; hence the at- 
tempt was abandoned and the correc- 
tion applied instead. 


Optimum Operating Conditions 


As a guide to the selection of op- 
timum operating conditions, an ap- 
proximate relation giving the error in 
\ produced by errors in the individual 
measurements was derived from 
Equation (3) as follows: 


1 1.6 (m, — 1 ) 
dh = — a janine ee 
B(m, — m) W, 


1.6 (w, — 1) dm, dr, 
———me 8i— +. + (4) 
7:—1 


Ws ™—1 
where dr, dw,, ete., are respectively 
the absolute errors in \, w,, etc. 

In all final tests P, was set at ap- 
proximately 25 in. Hg, just enough 
below atmospheric pressure to insure 
that the stopcocks on the drying 
towers remained tight. A lower set- 
ting than necessary would not only 
invite leakage of air into the low 
pressure side of the system but would 
make small errors in the measurement 
of P:; more significant in the evalua- 
tion of \. 


Having decided on a fixed value of 
P, it would appear from Equation (4) 
to be desirable to set P; as high as 
possible. However, with the existing 
apparatus it was not practicable to 
exceed about 80 in. Hg; hence a set- 
ting of approximately 75 in. Hg for 
P, was used in all final tests. 

With the two pressure settings 
fixed, Equation (4) shows that the 
contributions to d\ from small errors 
in w; and w; are minimized by select- 
ing the largest possible value of w,. 
In earlier tests, an upper limit on the 
value of w, was set by the capacity 
of the supply cylinder from which the 
air was drawn. However, after having 
established close agreement between 
the expected and directly measured 
weights of dry air in a sufficient num- 
ber of tests, this cross-check was dis- 
continued and greater quantities of 
air drawn from the larger bottle were 
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used. The capacity of the dryers then 
fixed the upper limit on w,. 


Estimated Uncertainty in \ 


Weighings were considered accurate 
to within +0.0005 g. Each tower was 
weighed twice in each test. The pos- 
sibility that the buoyancy, surface, and 
other effects discussed under heading 
Further Refinements were not per- 
fectly compensated introduces some 
additional uncertainty into the meas- 
urement of water collected; however, 
it seems fair to assign to w, and w. 
an over-all uncertainty of +0.0015 ¢ 
per tower plus 10“ milligrams per 
gram of air. 


Uncertainty in the measurement of 
pressure arises from uncertainties in 
(a) reading the scales (+0.001 
in.Hg), (6) correcting for thermal 
expansion (+0.0004 P in.Hg); (c) 
adjusting the scales (+0.002 in.Hg 
for earlier tests, +0.001 in.Hg for 
later tests). 

The estimated uncertainty of +0.02 
C in the measurement of temperature 
contributes practically no uncertainty 
to the determination of \ even though 
it does correspond to an uncertainty 
of as much as +0.14 per cent in the 
saturation pressure, p,.. If this fig- 
ure be increased to +0.20 per cent 
to allow for the possibility that the 
values of p, from the literature may 
be in error by as much as +0.06 per 
cent, still the uncertainty in \ from 
both sources is at most +0.0005. This 
emphasizes an important advantage 
of the two-stage experiment over a 
single-stage experiment requiring to 
weigh the dry air. In the latter, small 
uncertainties in the measurement of 
temperature and in the knowledge of 
vapor pressure would greatly reduce 
the accuracy of the calculated value 
of X. 

The uncertainty in the gas constant 
R is entirely negligible. That in the 
apparent molecular weight of dry, 
CO,.-free air may be estimated as 
+0.01 per cent; but it contributes no 
appreciable uncertainty to the calcula- 
tion of \ by the method of eliminating 
the weight of dry air. It is impossible 
to estimate closely the uncertainties 
in Ay, Aww, v'» and k, all of which 
enter the calculation of \. But as- 
suming that the first three are in 
error by at most +0.5 per cent and 
making a liberal allowance of +10 
per cent in k, the total contribution 


to uncertainty in A is at most +0.0003. 

In allowing an uncertainty of as 
much as +10 per cent in Henry’s con- 
stant k, it was not intended to asperse 
available solubility data from which 
this constant is derived. Rather, this 
liberal allowance was made in recog- 
nition of the fact that k entered Equa- 
tion (2) on certain simplifyin, as- 
sumptions. Similarly, the use of Dal- 
ton’s Rule to eliminate mol-fraction x 
from the righthand member of Equa- 
tion (2) represents an approximation 
which can be shown, however, not to 
contribute appreciable uncertainty to 
the calculated value of \. 


Summary of Results 


The final values of \ are given in 
Table 1. The estimated uncertainties 
given in Column 4 are the sums of the 
separate contributions explained in 
the preceding article. In Column 5 
are given values of the probable error 
of the mean (Column 2) as computed 
by the conventional method except 


,that an allowance of +0.001 for sys- 


tematic errors in thermal data from 
the literature has been included. In 
computing the mean value of \ for a 
given temperature the values from in- 
dividual tests were assigned different 
weights to favor those showing great- 
est internal consistency. The exact 
method of weighting need not be ex- 
plained since if all tests had been 
assigned unit weight the final results 
would not have been altered mate- 
rially. 

The method of reducing the data of 
Pollitzer and Strebel*® to obtain values 
of \ for comparison with those of the 
present investigation was explained in 
the Preliminary Report. It was not 
considered worthwhile to attempt to 
improve this method or to estimate 
the limits of uncertainty in the re- 
sults. It may be, therefore, that the 
values listed in Table 1 for 50 and 70 
C do not represent the best possible 
reduction of the Pollitzer and Strebel 
data; but they do afford valuable 
comparison. 


Predictions from Statistical Mechanics 


Statistical mechanics asserts that 
the second virial coefficient of a gas 
arises from forces between pairs of 


7itber den Einfluss indifferenter Gase 
auf die Sd&ttigcunge-Dampfkonzentration 
von Flussigkeiten, by F. Pollitzer and E. 
Strebel. (Zeit. fur Phys. Chemie, Vol. 
110, 1924, pp. 768-785.) 


Table 1—Summary of Results 











1 2 3 4 5 6 
t r No. or TEsTs ESTIMATED PROBABLE ERROR 
(c) (MEAN) Usep UNCERTAINTY or MZan AUTHORITY 
5 0.043 4 +0.003 +0.002 Goff, Andersen, 
Gratch 
15 0.048 6 + 0.003 + 0.002 Goff, Andersen, 
Gratch 
20 0.054 4 + 0.005 + 0.002 Goff, Andersen, 
Gratch 
25 0.053 5 + 0.005 + 0.003 Goff, Andersen, 
Gratch 
50 0.656 Pollitzer & 
Strebel 
70 | as ot ee Se ee eS ys Pollitzer & 
Strebel 
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molecules, and that, in the aggreg: ‘«. 


the force between any pair may be | 


regarded as depending only on the _ is. 
tance of separation r. The existe ¢¢ 
of a force of this kind implies that he 
pair possesses potential energy EF -). 
Statistical mechanics then proves | ja: 


the relation between the second vi. ja) [ 


coefficient A(T) and the poten ja) 
energy E(7r) is the following. 


A(T) =2 TIN {(é*- 1)r‘dr 


where 
N. = number of molecules per mo! 
of gas (Avogadro’s Number 
k = Boltzmann’s Constant 
r = distance of separation 


Long-range Attractive Forces 


Recent developments in quantun 
mechanics have made it possible t 
calculate the function E(r), at any 
rate, the contribution to E(r) arising 
from long-range attractive forces. In 
an interesting article entitled, \a» 
der Waals Forces, Margenau’ review: 
the present state of these develop- 
ments. He states that all through (he 
period from the beginning to the end 
of the nineteenth century, investiga- 
tors were convinced of the novelty and 
essential uniqueness of these long- 


eT eee a ee ee 


range attractive forces, but that now | 
these forces have ‘een stripped of | 


their uniqueness and shown to be of 
the nature of simple electric inter- 
actions. 

Some molecules, notably the water 
molecule, possess what is called a per- 
manent dipole moment due to a per- 


manent asymmetric distribution of J 


the electric charges of their constit- 
uent atoms. Averaged over all pos- 
sible orientations, the force between 
two such rotating molecules would be 
exactly zero; hence, if no particular 
orientation were favored, there could 
be no resultant force. But, as a mat- 
ter of fact, attractive orientations ar 
favored because they minimize the 
potential energy of the pair for a 
given separation r and because, in 
the aggregate, the number of pairs 
having a given potential energy is 
larger the smaller this energy. This 
so-called dipole alignment effect con- 
tributes to E(r) an amount propor- 
tional to p’.p.*/r* and inversely pro- 
portional to absolute temperature /. 
The dipole moments of the two mole- 
cules are denoted by p: and po, differ- 
ent subscripts being used to include 
the case of a pair of unlike molecules 


In the discussion of the dipole align- 
ment effect no mention was made of 
the possibility that the distribution of 
electric charges within each member 
of a pair of molecules is actually de- 
formed to some extent by the electric 
field surrounding the other molecule. 
This is the so-called induction ¢/fect 





*Van der Waals Forces, by H. M: ree 
nau. (Rev. Mod. Phys., Vol. 11, N°. ! 
January 1939, pp. 1-35.) 
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and it makes an additional contribu- 
tion to E(r) of amount proportional 
o (ap. + a:p,*) /r*, where the ’s 
jenote the polarizabilities of the two 
molecules, different subscripts being 
used again to cover the case of unlike 
Fmolecules. It should be noticed that 
Bthe induction effect is not strongly 
temperature dependent as is the case 
with the alignment effect. 

In analyzing the dipole alignment 
and the induction effects, the atoms 
were regarded as structureless points 


tum 
P to 
any 
sing 
. In 
Van 
ews 
lop- 
the 
end 
iga- 
and 
yng- 
now 
of 
» of 


examination reveals the necessity of 
considering the fact that each atom 
consists of a nucleus surrounded by a 
deformable electron cloud. This means 
that each atom may become, if only 
momentarily, a dipole even though it 
has no permanent dipole moment. The 
possibility that each atom, and there- 
fore each molecule composed of atoms, 
may have a temporary dipole moment 
generates an additional tendency 
toward alignment and produces, in an 
aggregate of molecules, the so-called 
dispersion effect. The contribution to 
E(r) from these dispersion forces is, 
in the main, proportional to f,f./r* 
where the f’s are constants character- 
istic of the interacting molecules and 
are are obtainable from information re- 
the P¥ garding their indices of refraction. 

FA Margenau‘ points out that the dis- 
|” BStinction between the three effects 
TS Bedescribed is really historical and 
that fundamentally all three spring 
from the same root. Each may con- 
tain terms in higher powers of the 


of PS inverse distance, namely, r~’, r-", ete. 
7. But, as an adequate approximation, 
; , the contribution to E(r) from all 
“* Be long-range attractive forces may be 
er written 
de 
es. e 

1 
Z E-(r)= (= + a: + a) 
of T 
of 
er er wes! GI ec ckces (6) 
le- 
ic 
le Table 2 lists numerical values of the 
ot (40S for gases of interest in the present 


paper. These valves are computed 
from spectroscopic and other related 
information. 







‘Loc. Cit. See Note 3. 


carrying electric charges. Buta closer : 


Short-range Repulsive Forces 


It is well known that, for very small 
distances of separation r, the forces 
between molecules become strongly 
repulsive. The potential energy E(r) 
must therefore rise rapidly with de- 
creasing r. This means that there 
must be added to E(r) as given by 
Equation (6) a positive term E . (r) 
representing the contribution from 
short-range repulsive forces. It ap- 
pears to be possible to predict the 
form of this contribution from quan- 
tum mechanical considerations; but 
the prediction has not yet been worked 
out for any of the gases of interest 
here. 

A practical way around the diffi- 
culty is suggested in Fig. 1. The true 
values of E(r) are represented by the 
solid curve; but these can be replaced 
by the dotted curve which follows 
Equation (6) for values of r>r., but 
rises vertically to infinity at r =r. 
If the value of r. is adjusted to make 
A(T) calculated from Equation (5) 
agree with the observed value at a 
temperature near the middle of the 
range of interest, this agreement can 
reasonably be expected to hold for 
other temperatures not too far re- 
moved from the one in question. 


Second Virial Coefficients 


Details of the calculations will not 
be given in this paper, but the order 
of agreement between calculated and 
observed second virial coefficients for 
H:, N; and dry air will be shown. 

In the cases of H, and N», reliable 
information is available only at 0 C 
(Cragoe)®. At other temperatures 
there is disagreement of as much as 
20 per cent between various investiga- 
tors. The only comprehensive survey of 
existing data is that of Keyes* whose 
correlation, however, is unsatisfactory 
from the point of view of the theory 
outlined here. Since a discussion of 
the second virial coefficients of H, and 
N: is incidental to a comparison be- 
tween observed and calculated values 
of the interaction constant for. H.-N, 
mixtures, and since the only observa- 
tions available for this purpose are 
those of Verschoyle’, it seems that to 


‘Slopes of the pv Isotherms of Some 
Thermometric Gases at Pressures Below 
Two Atmospheres, by C. S. Cragoe. (Tem- 
perature Symposium, American Institute 
of Physics, pp. 89-126.) 

‘Gas Thermometer Scale Corrections 

on an Objective Correlation of 
Available Data for Hydrogen, Helium and 
Nitrogen, by F. G. Keyes. (Temperature 
Symposium, American Institute of Physics, 
PP. 

8 Proc. Roy. Soc. A, Vol. 111, 
1926, p. 552. 
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Fig. 2—Second virial coefficient for 
dry air 


use his data exclusively will at least 
be a consistent procedure. These data 
may be in error by as much as 10 per 
cent, though probably less. Table 3 
gives the desired comparison. 


In the case of dry air, it would be 
necessary to calculate the second 
virial coefficients for all individual 
constituents plus the interaction con- 
stants for all unlike pairs to obtain 
the second virial coefficient of the 
mixture, if strict adherence to the 
theory were to be attempted. How- 
ever, since the principal constituents 
are N, and O, and since the various 
coefficients in Table 2 for these gases 
do not differ widely, it Secomes un- 
necessary to follow this elaborate 
procedure. Instead the coefficients for 
the mixture can be obtained as 
weighted averages of the correspond- 
ing coefficients for N, and O,. The re- 
sults are given in Row 5 of Table 2. 


Fortunately, the observed data on 
the second virial coefficient of dry 
air are quite satisfactory. Fig. 2 
shows the order of agreement ob- 
tained by adjusting r. — 3.396 x10" 
em to give close agreement at 20 C. 
It is to be noticed that a constant 
value of 7. gives only fair agreement 
over the range —10 to 80 C. How- 
ever, this particular range is an un- 
favorable one, because in it the second 
virial coefficient changes sign; and 
when this occurs, the calculations are 
very sensitive to changes in r,.. Al- 
lowing r. to vary by as little as 1 per 
cent over this range would achieve 
perfect agreement with the Beattie- 
nieeanned data. 


5A “a Equation a 3 State for Fluids, by 

A. Beattie and 0. Bridgeman. (Pro- 
Et. American yh Arts and 
Science, Vol. 63, 1928, p. 229.) 


Table 2—Van Der Waals Force Constants 









































> 
| ,Dmour INDUCTION DISPERSION | Reveaeece 
a: x 10 a: x 10% as xX 10® a. x 10 as x 10" 
(ERG = xy fens cw") (erG cm*) (erg cm*) | (enc cm™) | 
1 4 11.4 31 45 
° 0 57.2 120 130 
3 rh H 0 39.8 96 | 120 Margenau 
4 H.0 55700 10 a —. 47 at “714.9 eo 127.9 —— 
6 | Dry Air | 0 0 53.6 114.9 127.9 
6 HeN: 0 0 25.6 61 76.5 Authors 
7 |Moist Air 0 5 | 50.2 114.9 127.9 
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Interaction Constants 


In order to obtain appropriate co- 
efficients in Equation (6) for mix- 
tures of two gases it is necessary to 
employ certain combination rules sug- 
gested by the theory though, in prin- 
ciple, these can be computed directly 
from the quantum mechanical equa- 
tions. Thus, the a, for a mixture 
should be the geometric mean of the 
a,’s of the individual gases, since this 
coefficient is proportional to the prod- 
uct p,’p.”. An arithmetic mean can 
be used for the coefficient a, if the po- 
larizabilities of the two gases do not 
differ too greatly. The problem is 
more difficult in the case of the dis- 
persion coefficients, though for as it is 
clear that the geometric mean is the 
best approximation. Regarding the 
higher coefficients a, and a; geometric 
averaging is recommended especially 
since the corresponding terms in 
Equation (6) contribute relatively 
little to the final result. 

Row 6 gives the coefficients for 
H.-N, mixtures as computed by means 
of the combination rules explained 
above. Again using the Verschoyle 
data the interesting comparison 
shown in Table 4 is obtained. 


As mentioned previously the Ver- 
schoyle data are not very accurate. In 
fact, judging from the values given 
by Cragoe’ and by Keyes” for 0 C, 
they may be in error by as much as 10 
per cent. Nevertheless, the compari- 
sons of Tables 3 and 4 attest to the 
powerfulness of present theory, espe- 
cially when it is noticed that, in the 


See Note 5. 
See Note 6. 


*Loc, Cit 
wLoc, Cit. 





case of H.N, mixtures, \ is so much 
larger and depends so much more 
markedly on temperature than in the 
case of moist air. 


Before attempting to calculate the 
interaction constant for moist air, 
some explanation of how the coeffi- 
cients in Table 2 (Row 4) for water 
vapor alone were obtained, is in or- 
der. The values of a, as, as were 
taken from Margenau" who in turn 
quoted London”. The higher coeffi- 
cients a, a; were not given. However, 
since the ratios as:a,:a; do not vary 
greatly amongst the various gases and 
since the values of a; for water and 
for dry air (Row 5) are not radically 
different, it was assumed that the 
same values of a, and a; could be used 
for water as for dry air. Whether or 
not this assumption is exactly cor- 
rect makes little difference inasmuch 
as the higher terms containing r~* 
and r-“ contribute relatively little to 
the final result. 


Regarding r. for water vapor, this 
would have to be allowed to vary 
markedly with temperature in order 
to obtain perfect agreement with ob- 
served data even in the range —10 to 
80 C. The reason lies, of course, in 
the use of the dotted curve of Fig. 1 
which is not an adequate approxima- 
tion in the case of water with its 
strong permanent dipole moment. U1- 
timate refinement in the calculations 
with a view toward extrapolating ex- 
perimental findings over the widest 
possible temperature range will be re- 
served for a later paper. Meantime 
a constant value r. = 3.064x 10° cm 
adjusted to perfect agreement at 350 
K will be used. 

Following Fowler's” suggestion of 
averaging the r.’s arithmetically and 
using the combination rules explained 
above for determining the coefficients 
in Equation (6) for water-dry air 
mixtures (Row 7, Table 2), the inter- 
action constant A.» can be calculated 
as a function of temperature by 
means of Equation (5). Then from 
known values of Aww and A,,, the 
corresponding values of \ are com- 


"Loc. Cit. See Note 3. 

“F,. London, Transactions Faraday So- 
ciety 337, 8, 1937 

“Statistical Mechanics, by R. H. Fow- 


ler. (Cambridge University Press, 1936, 
p. 308.) 


Table 3—Second Virial Coefficients A (T) (cce/mol) 








20C 





Gas OBSERVED CALCULATED OBSERVED CALCULATED rox 108 cm 
As —14.2 —13.9 —14.9 —15.4 2.975 
+ 6.16 3.457 


N2 +11.1 


+ 6.1 








Table 4—Interaction Constant for H.-N, Mixtures 

















oc 20 Cc 
OBSERVED CALCULATED OBSERVED CALCULATED 
A x, (ce/mol) —12 —§ —14 —11 
er 7.7 5.7 3.2 2.4 


\ 
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puted. Fig. 3 shows the remark: |, 


agreement thus obtained with the x. 


perimental values. 

The calculated values of the in 
action constant for moist air } ,, 
been reduced to the following em; + 
cal equation, 


16,274 





avr T 
(cc/mol) 


valid in the range —10 to 80 ( ; 
being understood that T is in degree, 
Kelvin. Comparison with experi. 
mental values is repeated in Table 5 


Table 5—Interaction Constant \ for 
Moist Air 


Tic) OBSERVED CALCULAT 








Summary 


Final values of the interaction con- 
stant for moist air for the range 5 t 
25 C are reported. The experimenta 
measurements from which these are 
derived have been critically evaluate: 
to ascertain the limits of uncertainty 
in the final results. These limits of 
uncertainty were found to be suff. 
ciently narrow to insure that subse- 
quent calculations of the various ther- 
modynamic properties of moist air 
based on the final values of \ will no! 
be in error more than about ~+0.0 
per cent. 

Considerable confidence in the per- 
manence of the experimental value: 
is afforded by the remarkable agree- 
ment with values calculated from r 
cent quantum statistical theory. Fur- 
ther refinements in the calculations 
promise to provide a reliable basi: 
for extrapolation to cover at least the 
range —100 to 200 F. It can be con- 
cluded from the theory and inferred 
from the fact that the high-pressur: 
measurements of Pollitzer & Strebe! 
conform to the theory that the vari- 
ous thermodynamic properties of 
moist air can be calculated from 
present knowledge of the interactior 
constant for pressures possibly as 
high as 100 atmospheres. 
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June 6-8, 1943—Pittsburgh, Pa. 





Sunday, June 6 


Research Executive Committee Meeting 
REGISTRATION—(Silver Room) 

Council Meeting—(Forum Room) 

Committee on Heat Transfer in Finned Tubes—(Parlor B) 
Ladies Tour of Inspection 

Reception of Visiting Members and Ladies—(Cardinal Room) 
Committee on Research—(Parlors E and F) 





Monday, June 7 


REGISTRATION—(Silver Room) 

TECHNICAL SESSION—(Urban Room) 

Welcome to Pittsburgh—Frank L. Duggan, President, Pittsburgh 
Chamber of Commerce 

Reports of Officers and Committees 

Amendments to By-Laws 

Performance of a Residential Panel Heating System, by H. F 
Randolph and J. B. Wallace 

Discussion 

Adjournment 

Weicome Luncheon—Toastmaster, G. G. Waters, President, Pitts- 
burgh Chapter; Speaker, Howard Coonley, Director, Conserv: 
tion Div., War Production Board; Subject, Fuel Conservation 

TECHNICAL SESSION--(Urban Room) 

Final Values of the Interaction Constant for Moist Air, by John A 
Goff, J. R. Andersen and S. Gratch 

Discussion 

Study of Actual vs. Predicted Cooling Load on an Air Conditioning 
System, by J. N. Livermore 

Discussion 

Spray Nozzle Performance in a Cooling Tower, by L. M. K 
Boelter and S. Hori 

Discussion 

Adjournment 

Ladies Tea—(Suite 468-70) 

War Service Committee—(Parlor D) 

Chapter Delegates Conference—(Parlors E and F) 

Committee on Heavy Duty Air Heating Furnaces 

Committee on Psychrometry—(Parlor D) 

Guide Publication Committee Meeting—(Parlor B) 

Nominating Committee Meeting—(Adonis Room) 

Informal Get-together—A Night at the Nixon 


Tuesday, June 8 


TECHNICAL SESSION—(Urban Room) 

Use of the Down-Draft Coking Method for Smokeless Combustion, 
by J. R. Fellows and J. C. Miles 

Discussion 

Field Study of Comfort Reactions of Apartment Dwellers Under 
Fuel Oil Rationing, by Sallye Hamilton 

Discussion 

Heat Transmission Through Insulation as Affected by Orientation 
of Wall, by F. B. Rowley and C. E. Lund 

Discussion 

Graphical Method of Calculating Heat Losses, by P. D. Close 

Discussion 

Adjournment 

Ladies Brunch-Bridge—(Adonis Room) 

Meeting of Technical Advisory Committee on Radiation and Com 
fort—(Parlor G) 

TECHNICAL SESSION—(Urban Room) 

The Economic Factors in Converting Recirculated Air for Ventila- 
tion, by H. E. Ziel and Henry Sleik 

Discussion 

Panel Discussion—John Howatt, Chairman; Subject—Will Current 
Ventilating System Operation Undermine Public Health and 
Efficiency. Dr. C.-E. A. Winslow, New Haven; John Paul 
Jones, Cleveland; L. L. Lewis, Syracuse 

Adjournment 

Dinner—(Urban Room) 

Toastmaster, F. C. McIntosh; Speaker, Dr. Allen A. Stockdale; 
Subject—Democracy Can Do It 

Presentations: Past President’s Emblem and Memory Book to 
Prof. E. O. Eastwood 


ting, Piping & Air Conditioning, June, 1943—ASHVE Journal Section 


Howard Coonley 





as 


J. N. Livermore 


H. F. Randolph 




















ne 


* 





en 























Cc. M. Humphreys 
Vice-Chairman 


F. C. McIntosh 
Hospitality 





E, C. Smyers 
Dinner 





Mrs. T. F. Rockwell 
Ladies 





J. F. Collins, Jr. 
Chapter Relations 


326 








3s 
7 


M. F. Blankin 


President 


, 2a SOS 


The Semi-Annual Meeting of the 
Society opens at Pittsburgh, June 7, 
with a two-day program of technical 
discussions. Pittsburgh Chapter mem- 
bers will be the hosts, and they have 
planned an informal reception for vis- 
iting members and ladies on Sunday 
evening, June 6. 

A number of important speakers 
will address the meeting, and at the 
Welcome Luncheon on Monday, June 
7, Howard Coonley, Director, Con- 
servation Div., War Production Board, 
Washington, D. C., will talk on the 
subject of Fuel Conservation. Mr. 
Coonley is & past president of the 
National Association of Manufactur- 
ers, and was president and is still a 
director of the American Standards 
Association. He was formerly presi- 
dent of Boston Chamber of Commerce, 
and is a member of the ASME, and 
the Association of Arts and Sciences. 
Since 1913 he has served as president 
with the Walworth Co., Boston, manu- 
facturers of valves, pipe fittings and 
pipe tools. 

At the Semi-Annual dinner June 8 
Dr. Allen A. Stockdale, New York, 
will speak and his subject is, “Democ- 
racy Can Do It.” Dr. Stockdale is 
ranked as one of America’s finest 
speakers on industrial subjects. After 
his graduation from Boston Univer- 
sity School of Theology he did post 
graduate work at several universities 
and has held pastorates at Boston, 
Chicago, Toledo, and Washington, 
D. C. He is the author of many well- 
known bits of poetry and has been an 





John Howatt 


Panel Discussion 





R. B. Stanger 
General Chairman 


B U R GH 


editorial contributor to a numb: 


national magazines. 

The program contains much of 
terest for Society members who att 
this wartime conference. 


Committee on Arrangements 

General Chairman, Ralph B. § 
ger: Vice-Chairman, Clark M. H 
phreys. 

Hospitality Committee: F. C. 
Intosh, Chairman, T. M. Dugan, J 
L. McCullough, Robert A. Miller, H 
Lee Moore, Arthur F. Nass, Bertra: 
B. Reilly, G. L. Simpson. 

Entertainment Committee: Haz 
E. Park, Chairman, H. A. Beigh 
Van A. Reed, Jr., Chas. H. Schneider 
R. H. Sweeney. 

Dinner Committee: Edward 
Smyers, Chairman, Glen Moore C 
stock, Horton J. Kirkendall, Albert W 
Marshall, Paul C. Strauch. 

Ladies’ Committee: Mrs. Theo 
Rockwell, Chairman, Mrs. John |} 
Collins, Jr.. Mrs. Clark M. Hw 
phreys, Mrs. David W. Loucks, Mrs 
L. S. Maehling, Mrs. F. C. McInt 
Mrs. Robert A. Miller, Mrs. H. L 
Moore, Mrs. Arthur F. Nass, Mrs. B 
tram B. Reilly, Mrs. Edward C. Sm 
ers, Mrs. Paul C. Strauch, Mrs. G 
Waters. 

Publicity Committee: David W 
Loucks, Chairman, John F. Col 
Jr., Paul A. Edwards, Albert F. Met 
ger. 

Finance Committee: L. S. Maehling 
Edward H. Reismeyer, Jr., Theo 
Rockwell. 
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SUMMARY OF LOCAL CHAPTER MEETINGS 





MEETING 
DATE 


| 


SUBJECT 





Illinois 


Northern 
Ohio 


North 





| May 10 


| May 10 


| May 7 


Carolina | 


St. Louis 


Ontario 


Manitoba 


May 4 


May 3 





| April 28 


tivities in War 


Time. 


| SPEAKERS 


kin, 
phia, Pa. 


High Lights Upon | T. A. Walters. 


iF 


| 


|A 








Fan _ Selection 
from the Acous- 
tic Viewpoint. 


low of Air and 
Gases in Various 
Systems. 


nnual Meeting— 
Election of Of- 
cers as follows: 
Pres. C. F. Boe- 
ster; 1st Vice- 
Pres. G. B. Rod- 
enheiser; 2nd 
Vice-Pres. W. J. 


Oonk; Sec’y. B. 


C. Simons; 
Treas. H. W. 
Me Larney. 
Board of Gover- 
nors: Officers 
and J. S. Ma- 
lone, E. H. Ron- 
sick, J. S. Rose- 
brough and L. 
R. Szombathy. 


| Story of Oil. 


| Business Meeting. 


Report of Nomi- 


nating Commit- | 


tee. 


Review of paper 
on Conversion 
from Oil to Coal. 


| Vice-Pres. 


Mich. 


z00, 





hi 
| None. 





| 
| 


| 


Mr. Mitchell. 


F. T. Ball, Winni- 
peg. 





| 
| 


— = — : 
| The Society’s Ac-| Pres. M. F. Blan-| Annual Illinois Chapter 
Philadel- | 


| 


| 


Downs, Kalama- | 





| 


Election of Officers as 
follows: Pres. P. D. 
Gayman; Vice - Pres. 


Movies — Manufacture | 


OTHER FEATURES 


Meeting and Ladies 
Night. 


Installation of Officers. 


W. A. Evans; Sec’y, 
G. B. Priester; Treas. 
R. L. Clark. Board of 
Governors: C. M. H. 
Kaercher, R. H. Cut- 
ting, J. F. Platz. 





S. H.!| Election of Officers as | 


follows: Pres. F. J.| 
Reed; Vice-Pres. K. 
W. Selden, Jr.; Sec’y.- 
Treas. C. Z. Adams. 
Board of Governors: | 
Officers and E. R. 
Harding, E. S. Theiss 
and P. L. Guest, Jr. | 


and Testing of Med-| 


ium Tank. 





Manufacture of B-26 | 
Army Bomber. 


U. S. News Review | 
(Issue No. 4). 


|Ontario Chapter’s 





Awards to University 
of Toronto Student 
writing best thesis on | 
heating, piping and air | 
conditioning. 


Annual reports of Com- | 


mittees. 
Officers elected as fol- 
lows: Pres. W. C 


Kelly; Vice-Pres. A. S. 
Morgan; Sec’y-Treas. 
H. R. Roth; Board of 
Governors: H. G. Hill, 
J. P. Fitzsimons, V. J. 
Jenkinson. 
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ATTENDANCE 


104 


40) 


20 


56 











“ ATTENDANCE 


RATIO* 


0.75 


0.53 


0.37 


0.53 


0.58 





af 

















SUBJECT SPEAKERS OTHER FEATURES 








Western April 26 
New York 





Massa- April 20 
chusetts P 


| Montreal April 19 


New York | April 19 


Wisconsin April 19 


Kansas April 1 
City iain 


Nebraska April 14 


Southern April 14 
California ” 





Washing- April 14 
ton, D. C. = 


Michigan April 12 


North April 12 
Texas 


Pittsburgh | April 12 


Phila- April 8 
delphia 














*The attendance ratios shown represent the meeting attendance divided by 


‘The Philosophy of Dr. Claire Pettit, | Election of Officers as 
the Japanese Supt. of Schools,| follows: Pres. S. M. 
People. | Lockport, N. Y. Quackenbush; Ist 
Viee+Pres. 8. W. 

Strouse; 2nd _ Vice- 

Pres. F. A. Moesel; 

Treas. B. C. Candee; 

Sec’y. Herman Seel- 

bach, Jr.; Board of 

Governors: M. C. Be- 

man, Joseph Davis, 

Roswell Farnham, D. 
J. Mahoney and H. C. 

Schafer. 


| 


‘Reversed Cycle | A. J. Lawless. 


Heating. 


Air Filters (illus- | C. A. Booth, Fiber- 
trated with| glas Canada, 
| slides). | Ltd. 
W. G. Hole, Darl- | 
| ling Bros., Ltd. 


Electrostatic Pre- | J. H. Squires, Jr. | Meeting held jointly with 
cipitation the N. Y. chapter of 
Producer's Council, 

Inc. 





Air] H. H. Van Epps. 
yoy in In-| 
dustrial Plants. 


'The Society’s | E. K. Campbell spoke on 
tivities in War! Pres. M. F. Blank- membership, also on 
| Time. | in, Philadelphia, fuel rationing. 


' 
| The Development | R. M. Rush, Pitts- Dinner. 
and Perform-| burgh, Pa. 


ance of Direct- | 
Fired Unit Heat- | 


ers. 
| Food Dehydration. | | Dr. E. A. Beavens,| Announcement that May 
A Revived Se. | Food Technolo- meeting would be on 
| dustry. gist, U. S. Dept. 17th, to welcome Pres. 


| of Agriculture. M. F. Blankin, Phila- 
| delphia, Pa. 


Methods for Test- | Lieut. E. R. Queer, Dinner. 
ing and Proper-| U.S.N. 
ties of Tempera- | 
ture Insulations. | 





Dr. B. M. Woods,| Movies — Michigan An- 


The Manpower 
University 0 f gler—Michigan Trout 


| Problem in Engi-| 
neering. | California,| Fishing. 
| Berkeley, Calif. | 


| The Society’s Ac- | Pres. M. F. Blank- | Reports for Committees. 
tivities in War! in, Philadelphia, 
Time. Pa. 





Air Conditioning | H. M. Graham, | Discussion. 
| of Blast Fur-| Pittsburgh, Pa. | 
naces. | 


| Food Dehydration.|J. ©. Patterson,| Samples of foods show- 
Syracuse, N. Y. ing relative spaces oc- | 

| eupied before and) 

after dehydration were | 


shown; also samples 


of pressed packed de-— 
hyrated foods. | 


| 
| 
| 
| 
| 


| ATTENDANCE 


32 


Ve 


40 


67 


56 


43 


41 


44 


120 


the Chapter membership. 


| ATTEND 
Rati 


0.58 


0.61 


0.65 


0.40 


U.38 


0.67 


0.39 


0.21 


0.58 


0.60 


0.67 


1.00 


These will be 


ful as a partial indication of interest shown by local chapter members in various types of subjects programmed by other 
chapters, and may be helpful in deciding on subjects for other chapter meetings. 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants 
for membership in the Society. All applications for membership are to be sent to the Secretary and the names of appli- 
cants and their references shall be printed in the next issue of the Journal of the Society or sent to the members in other 
approved manner as ordered by the Council. When replies are received from references, the Candidate’s application 
shall be submitted to and acted upon by the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and 
assigned his grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 
During the past month 30 applications for membership have been received and the names of these men and their sponsors 


are published in the following list. 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, 
the Council, urge the members to assume their share of responsibility of receiving these candidates into membership 
by advising the Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which 


it is the duty of every member to promote. 


Unless objection is made by some member by June 15, 1943, these candidates will be balloted upon by the Council. 


Those elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


BRINDELL, CARL E., Cressy-Legget-Brindell, New Orleans, La. 


CHRISTIE, JOHN A., Mfrs. Agt., Waterous, Ltd., Brantford, Can. 
Cressy, L. RENE, Cressy-Legget-Brindell, New Orleans, La. 


Crump, SAMUEL, Pres. & Mgr., Samuel Crump Co., Ltd., 
Toronto, Ont., Can. 

DAHLSTROM, GODFREY A., Mech. Engr., Smith, Hinchman & 
Grylls, Detroit, Mich. (Advancement) 

Decitio, Louis, Refrig. Dept., Robert Elder Carriage Works, 
Toronto, Ont., Can. 


> EaRHART, JOE S., Mfg. & Sales Engr., Los Angeles, Calif. (Rein- 


statement) 

GLASS, RoBEeRT, Secy.-Treas. & Supt., Partridge-Halliday, Ltd., 
Winnipeg, Man., Can. 

GROSSMAN, RALPH, Combustion Sales Engr., Volcano, Ltd., Mon- 
treal, Que., Can. 

HELFINSTINE, Roy J., Assoc. Mech. Engr., Illinois State Geo- 
logical Survey, Urbana, III. 


| HEMINGWAY, JOHN C., JR., Distributor, H. C. Little Burner Co., 


Sy > 


Inc., San Rafael, Calif. 

KAVENY, J. Gorpon, Pres. & Sales Mgr., Kaveny Bros. Co., 
Montclair, N. J. 

KEETON, ROBERT W., M.D., Head, Dept. of Medicine, University 
of Illinois, College of Medicine, Chicago, III. 


> Kremer, Ricnarp H., Secy., Kupferle-Hicks Htg. Co., St. Louis, 


Mo. 
LINDSLEY, Forrest A., Sales, Crane Co., Detroit, Mich. 


Marc, HeNr1 M., Asst. Dir. of Research, The Philip Carey Mfg. 
Co., Cincinnati, Ohio. 

McLeop, CLARENCE H., Application Engr., York Ice Machinery 
Corp., Dallas, Tex. 

McMICHAEL, CHESTER L., Sales Engr., H. H. Wright Co., Kan- 
sas City, Mo. 

— Rogert E., Archt., Moody and Moore, Winnipeg, Man., 
‘an, 

Musser, Nem. B., Sr., Naval Archt., U. S. Maritime Commis- 
sion, Oakland, Calif. 

NovoLANSKY, SypNey I., Flight Sgt., Royal Canadian Air Force, 
Winnipeg, Man., Can. 

OrruM, ALVIN L., Htg. & Vtg. Engr., Glenn L. Martin-Nebraska 
Co., Omaha, Neb. 

PETERSON, B. G., Mfrs. Repr., Omaha, Neb. (Advancement) 


Roser, Epwarp, III, Air Cond. & Refrig. Dept., U. S. Engrs., 
Fort Leavenworth, Kan. 

SAUNDERS, DoucGLas G., Estimator & Supt., John Plaxton Co., 
Ltd., Winnipeg, Man., Can. 

ScuRogDER, DELMAN E., Test Engr., Murray Iron Works Co., 
Burlington, Iowa. 

Siccrns, Grorce S., Mfrs. Agent, East Orange, N. J. 


REFERENCES 

Proposers Seconders 
L. V. Cressy G. E. May 
J. J. Joyce J. S. Burke 
H. H. Angus M. S. Woollard 
S. A. Jennings W. R. Blackhall 
L. V. Cressy G. E. May 
J. J. Joyce J. S. Burke 
V. J. Jenkinson J. A. Clifton 
S. A. Jennings R. S. Mathison 
W. McNamara A. B. Algren 
F. C. Winterer R. C. Jordan 
V. J. Jenkinson *“W. E. Weaver 
*J. B. Maydon H. R. Roth 
R. L. Gifford J. F. Park 
O. W. Ott W. S. Kilpatrick 
F. T. Ball Ivan McDonald 
R. L. Kent E. Anderson 
A. B. Madden A. M. Peart 
S. W. Salter R. R. Noyes 
S. Konzo R. A. Norman 
A. P. Kratz M. P. Cleghorn 
C. M. Mast P. R. Babcock 
G. M. Simonson J. F. Kooistra 
L. B. Ray C. R. Morris 
B. H. Schulze H. L. Hosking 
F. E. Giesecke John Howatt 
A. C. Willard E. P. Heckel 
J. W. Cooper E. E. Carlson 
George Myers *W. D. Thompson 
C. A. Strand G. D. Winans 
W. G. Boales F. X. Marzolf 
R. H. Heilman G. V. Sutfin 
R. E. Kramig, Jr. R. W. Sigmund 
W. H. Moler E. T. Gessell 
J. A. Ray L. C. McClanahan 
M. M. Rivard W. A. Russell 
R. B. Mason F. C. Burns 
G. C. Davies W. Worton 


P. L. Charles 
S. W. Terry 

M. I. Blumenthal 
W. Worton 

G. C. Davis 

G. E. Merwin 
E. F. Adams 
John Mathis 
D. D. Williams 
H. D. Betz 

*C. F. Kramer 
P. L. Charles 
D. F. Michie 
C. A. Wheeler 
*L. T. Brown 
*H. R. Carr 
*W. L. Sanborn 
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W. Glass 

J. F. Kooistra 
N. H. Peterson 
I. McDonald 
E. Anderson 
W. R. White 
R. B. Saxon 
H. W. Stanton 
E. F. Adams 
*C. R. Moore 
*E. T. Gaskill 
J. R. Stephenson 


E. Anderson 
R. A. Norman 
B. E. Landes 
*H. K. Eilers 
*W. P. Gilbert 
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SINGLETON, ARTHUR B., Chief Engr., Kerr Machinery Co., 


Detroit, Mich. 


WALSH, JAMES A., Pres., Air Conditioning Co., Houston, Tex. 


(Advancement) 


H 
WituiaMs, E. BrYAN, Laboratory Mgr., The Torrington Mfg. W. L. Upson 


Co., Torrington, Conn. 


*Non-member. 








H. D. Chappell J. T. Reader 
W. H. Old E. D. Sheley 

M. F. Blankin A. M. Chase, Jr. 
. U. Bible R. F. Taylor 
*H. P. Staats 


*R. S. Storrs *H. M. Risedorf 


In the past issues of the Journal of the Society the names of the following men were listed as Candidates for Mem- 
bership. The membership grade of each Candidate has been assigned by the Committee on Admission and Advancement 
and balloted upon by the Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec 
8, of the By-Laws, the following list of candidates elected: 


MEMBERS 
BeRLET, E. JoHN, JR., Application Engr., York Ice Ma- 
chinery Corp., Philadelphia, Pa. 


BLAKE, ALBERT H., Gen. Megr., B. F. Sturtevant Co. of Can- 
ada, Ltd., Toronto, Ont., Can. (Reinstatement) 


Brown, Guy M., Mech. and Elec. Engr., Minneapolis, Minn. 


CasKEY, T. C., Dist. Engr., B. F. Sturtevant Co., Seattle, 
Wash. 


ConGeER, HENRY L., Assoc. Engr., U. S. Engr. Dept., Fortifi- 
cations Subdivision, Punahou, Honolulu, T. H. 


FaLK, Davin S., Engr., U. S. Public Health Service, 
Bethesda, Md. (Advancement) 


FLINN, JAMEs D., Engr., J. J. Nolan & Co., Memphis, Tenn. 


GRIFFIN, DeEW1TT CHARLES, Cons. Mech. Engr., Griffin & 
Lowe, Seattle, Wash. (Reinstatement) 


HEAVEN, Lewis P., Owner, Heaven Engrg. Co., 
City, Mo. 


HOULIHAN, EDMUND T., Asst. Sales Mgr., Taco Heaters, 
Inc., New York, N. Y. 


HUNKEN, WALTER L., Regional Mgr., B. F. Sturtevant Co., 
Greensboro, N. C. 


neces. HENRY T., Vice-Pres., Marsh Tritrol Co., Chicago, 
Til. 


Kansas 


LitgaA, Oscar L., Htg. & Vtg. Engr., Northwest Airlines, 
Inc., St. Paul, Minn. (Advancement) 

LEwIs, JOHN G., Pres., John G. Lewis Plbg. & Htg. Co., Inc., 
Kansas City, Mo. (Reinstatement) 

LORIMER, CARL F., Br. Mgr., Kewanee Boiler Corp., Ke- 
wanee, Il. 

MACKEY, C. OsBorn, Prof. Heat Power Engrg., 
University, Ithaca, N. Y. 

MASON, GAIL C., Pres., Warm Air Htg. Supply Co., Detroit, 
Mich. (Reinstatement) 

MAUTNER, ERWIN W., Partner, Mid-West Heat Service, 
Chicago, Il. 

McConacuieE, L. L., Owner, L. L. MeConachie Co., Detroit, 
Mich. (Advancement) 

oe. T. J., Partner, Allied Archts. & Engrs., Memphis, 

enn. 

PAINTER, D. Howarp, Mfrs. Agt., Kansas City, Mo. (Rein- 
statement) 

PARSONS, FELIX N., Assoc. Mech. Engr., U. S. Nitrate Plant 
No. 2, Wilson Dam, Ala. 

PETERKIN, S. M., Pres. & Engr., Michael Stuart Co., Ltd., 
Toronto, Ont., Can. (Reinstatement) 

RUDOLPH, ROBERT R., Naval Archt., Associated Shipbuild- 
ers, Harbor Island, Seattle, Wash. 

RUNNINGS, HENRY MARK, Mech. Engrg., Detroit Board of 
Education, Detroit, Mich. 

Scumoipt, A. F., Designer, Air Cond., Agfa Ansco, Div. of 
General Aniline & Film Corp., Binghamton, N. Y. 
WILHELM, JosePH E., Chief Engr., Avery Engrg. Co., Cleve- 

land, Ohio (Advancement). 
WILLIAM, FREDERIC C., Sales Engr., American Blower Corp., 
Boston, Mass. 


Cornell 


ASSOCIATES 
ASHCRAFT, J. PHILLIP, Br. Mgr., Minneapolis-Honeywel! 
Reg. Co., Dallas, Tex. 


BECKER, GEORGE E., Service Mer., Frigid Refrigerator Se: 
vice Corp., St. Louis, Mo. 


BORNQUIST, GEORGE W., Pres., Bornquist, Inc., Chicago, ||! 
CATLETT, W. A., Owner, Catlett Engrs., Dallas, Tex. 


FENNER, N. P., Hoffman Specialty Co., 
(Reinstatement) 


GROSSMAN, Harry E., Sales Engr., Haynes Selling Co., Inc. 
Philadelphia, Pa. (Reinstatement) 


KIRSCHHOFER, FerD J., Owner, Federal Home Htg. Co., Buf 
falo, N. Y. 


LITTLE, RAYMOND, Com. Mgr. & Utilization Engr., Equit- 
able Gas Co., Pittsburgh, Pa. 


PecGc, Epwarp H. R., Mech. Engr., Westinghouse Elec. & 
Mfg. Co., Cleveland, Ohio. 


SMITH, LAWRENCE J., Dir. of Research, Bell & Gossett Co 
Morten Grove, Il. 


WAGNER, WILBUR J. O., Owner, Wagner Temperature Store, 
Jefferson City, Mo. 


Chicago, I!! 


JUNIORS 


BALLAGH, A. Bruce, Sales Engr., B. F. Sturtevant Co. of 
Canada, Ltd., Toronto, Ont., Can. 

BARLow, E. JOHN, Htg., Vtg. & Gen. Service Engr., A. 0 
Smith Corp., Milwaukee, Wis. 

Davis, MAuRICE M., Asst. Plant Engr., Conmar Products 
New York, N. Y. 

Moss, ALFRED W., Dept. Mgr., Walter Woods, Ltd., Winni- 
peg, Man., Can. 

NOTTAGE, HERBERT B., Asst. Project Engr., Pratt & Whit- 
ney Aircraft, East Hartford, Conn. 

SCHNEEBERG, FLoypD H., Cpl., U. S. Army, Fort Francis E 
Warren, Wyoming. 

WHITE, JOHN HAZEN, Pres. & Treas., Taco Heaters, Inc., 
New York, N. Y. 


Wricnt, L. T., Jr., Asst. Prof. Heat Power Engrg., Cornel! 
University, Ithaca, N. Y. 


STUDENTS 


Bower, Rospert W., Student, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 

CHIPMAN, Epwarp E., Jr., Student, Carnegie Institute of 
Technology, Pittsburgh, Pa. 

DINHAM, RoBEerT ELTON, Student, University of Minnesota, 
Minneapolis, Minn. 

Minor, James E., Student, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. 

SHER, ALVIN I., Student, Carnegie Institute of Technology, 
Pittsburgh, Pa. 
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PreGOMB. oc ncccccccccccsvescccccccecsecevececs M. F. BLANKIN 

Firat Vice-President. .... 2... ccceccccccccccscee ...S. H. Downs 

second Vice-President. .........-65-0eeee ..C.-E. A. WINSLOW 

THOGOUTOT ccccccscccccccscesecccesees Jade ee wes E. K. CAMPBELL 

Seen aenessesosccecseceetaveecousesece A. V. HUTCHINSON 

Pe MOOUMOIIE 5 05 oc ove keene caveccseecececes Car. H. FLINK 
CouNCIL 


M. F. BLANKIN, Chairman S. H. Downs, Vice-Chairman 
Three Years: J. F. Coiiins, Jr., James Hout, E. N. MCDONNELL, 
vy. BH. UrRDARL. 


Two Years: L. G. Miuuer, A. J. Orrner, A. E. Stacey, Jr., B. M. 


Woops. 
One Year: E. O. Eastwoop, A. P. Kratz, W. A. Russevu, L. P. 
Saunpers, C. TASKER. 


CouNcIL COMMITTEES 


Rrecutive—E. O. Eastwood, Chairman, A. P. Kratz, E. N. Me- 
Donnell. 

Maenee—V. F. Collins, Jr., Chairman; C.-E. A. Winslow, B. M. 

embershin—E. K. Campbell, Chairman, A. J. Offner, W. A. 
ussel 

Meetings—S. H. Downs, Chairman, James Holt, C. Tasker. 


Standards—L. P. Saunders. Chairman, L. G. Miller, T. H. Urdahl 


Apvisory CoUNCIL 


£. O. Eastwood, Chairman; Homer Adépme, D. S. boven, W . B. 
Carrier, S. E. Dibble, W. H. Driscoll, W. L, Fleisher H. P. Gant, 
F. E. Giesecke, E. Holt Gurney, L. A. Ha arding, H M. Hart, C. 
fia es, E. Vernon Hill, John Howatt, W. T. Jones, D. D. Kimball, 

aL La rson, R. Lewis, Thornton Lewis, J. F. McIntire, F. B. 
Rowley ~~ A. C. Willard. 


SPECIAL COMMITTEES 


Admission and Advancement: E. P. Heckel, Chairman (one year) ; 
T. T. Tucker (two years); H. Berkley Hedges (three years). 

ASHVE-ASTM-ASRE-NRC Committee on Thermal Conductivity— 
F. C. Houghten, Chairman; C. B. Bradley, H. C. Dickinson, R. 
H. Heilman, E. R. Queer, F. B. Rowley, T. S. Taylor, G. B. 
Wilkes. 

ASHVE-IES Joint Committee on la and Air 
H. M. Sharp, Chairman; W. Beach, B. C. 
Darley, C. L. Kribs, Jr., P. M. Rutherford. Jr. 

Chapter Relations—J. F. Collins, Jr.. Chairman; L. P. Saunders. 

E. Sproull. 


apitering— 
ndee, W. G 


Constitution and By-Laws—L. T. Avery, Chairman; M. W. Bishop, 
R. A. Miller. 

PF. pos eereen Aqere—s. H. Downs, Chairman; Tom Brown, 
F. Giesecke, L. L ee and F. B. Rowley. 

Oude Publication—P. D. Close, Chairman; Thomas Chester, John 
James, S. Konzo, C. 8. Leopold. 

Publication: C. H. B. Hotchkiss, Chairman (one year) ; 
Walker (two years); L. E. Seeley (three years). 

War Service: John Mowers, fermen: W. H. Driscoll, . Me- 
Donnell, L. E. Seeley, B. M. Woods. 


J. H. 


NoMINATING COMMITTEE 


Chapter Representative Alternate 
Atlanta T. T. Tucker L. F. Kent 
Cincinnati M. E. Mathewson E. W. McNamee 
Connecticut L. E. Seeley H. E. — 
Delta G. E. wey G. C.K 
Golden Gate B. M. Woods 
Ilinois E. M. Mittendorff A. O. May 
Iowa F. E. Triggs C. W. Heistrom 
Kansas City L. T. Mart M. M. Rivard 
Manitoba Ivan McDonald Einar Anderson 
Massachusetts E. G. Carrier A. C. Bartlett 
Michigan M. B. Shea S. S. Sanford 
Minnesota R. E. Backstrom William McNamara 
Montreal G. P. Ste-Marie R. R. Noyes 
New York H. H. Bond  &. Koehler 
Nebraska B. G. Peterson W. R. White 
North Carolina F. E. P. Klages Arvin Page 
North Texas T. H. Anspacher 

homa E. T. P. Ellingson E. F. Dawson 
Ontario V. J. Jenkinson H. R. Roth 
Oregon B. W. varnes 
Pacific Northwest R. D. E H. Langdon 
Philadelphia H. H. Mather Edwin Elliot 
Pittsb burgh E. C. Smyers E. H. Riesmeyer, Jr. 
St. Lo Cc. F. Boester M. F. Carlock 
South fexas J. A. Walsh A. J. Rummel 
Southern og tony W. O. Stewart Leo Hungerford 

Washington, D. J. W. Markert F. A. Leser 
Western Michigan . @ * ‘ord L. G. Miller 

Western New York H. C. Schafer S. M. Quackenbush 
Wisconsin C. H. Randolph Ernest Szekely 


OFFICERS OF LocaL CHAPTERS 


ATLANTA: Sroquinel, | 1937. Headquarters, Atlanta, Ga. Meets, 
First Monday. President, A. H. Kocn, 3687 Peachtree Rd. Secretary, 

F. LAWRENCE, JR., $04- 101 Marietta St. CINCINNATI: Or- 
ganized, 1932. Headquarters, Cincinnati, O. Meets, Second Tues- 
day. Honorary President, Cart. C. E. Hu st. President. ALBERT 
BUENGER, Hotel Gibson. Secretary, E. J. Ricuarp, 2137 Reading 
Rd. CONNECTICUT: Organized, 1940. Headquarters, New 
Haven, Conn. President, C. J. Lyons, Wilson Ave., S. Norwalk. 
Secretary, J. R. SMAK, 160 Morehouse Highw way, Fairfield. 
DELTA: Organized, 1939. Headquarters, New Orleans, La. Meets, 
Second Ae gy President, G. C. Kerr, 1401 Tchoupitoulas St. 
Secretary V. CRESssy, 916 Union St. GOLDEN GATE: Or- 
ganized, 1937. Headquarters, San Francisco, Calif. Meeta, First 


Wednesday. President, R. A. Fotsom, 156 Hooper St. Secretary, 
R. B. HOLLAND, 1275 Folsom St. ILLINOIS: Organized, 1906 
Headquarters, Chicago, Tl Meets, Second Monday President, 
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ARRIER, 704 Statler Bide. Secretary Kern, 51 Claflin St. 
Leominster. MICHIGAN: Organized, Fis. Headquarters, De- 
troit, —. este First Monday after gs © of Month. President, 
M. B. t 9 Jos Campau. Secretary H. Ovp, 1761 Forest 
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~ ile. Minn. Meets, First Monday. President, WitLcuiam Mc- 
NAMARA, 850 Cromwell Ave., St. Paul. Secretary, A. W. SCHULTZ. 
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land, O. Meets, Second Monday. President, P. D. Gayman, 2142 
E. 19th St. Secretary, G. B. Priester, Case School of Applied 
Science. 


Headquarters, Montreal, Que 
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land, Ore. Meets, Thursday after First Tuesday. President, J. A 
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Headquarters, Seattle, Wash. Meets, Second Tuesday. President, 
H. T. GRirFiTuH, ae P gs Avenue Bldg. Secretary, R. E. Le- 
Ricue, 6345 39th, Seattle. PHILADELPHIA: Organized, 
Late 16.5 Heatguarters, Phitedelphia Pa. Meets, Second Thureday 
MarTuHer, 611 S. Front St. Secreta . ; > 
ae du Pont Bidg., Wilmington, Del. PITTSBURGH: Or- 
ganized, 1919. Headquarters, Pittsburgh. Pa. Meets, Second 
Monday. President, G. G. Waters, 1841 Oliver Bldg. Secretary, 
E. H. Rresmeyer, Jr., 221-33 Water St 


Headquarters, Oklahoma City, 


ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo 
Meets, First Tuesday. President, C. F. Borster, 101 E. Easex, 
Kirkwood. Secretary, B. C. Simons, 3033 Locust Bivd. SOUTH 
TEXAS: Organized, 1938. Headquarters, Houston Texas. Meets, 
Third Friday. President, D. S. Cooper, 216 E. Cowan Dr. Sec- 
retary, A. M. Cuase, Jr., Box 359. SOUTHERN CALIFORNIA 
Organized, 1930. Headquarters, Los Angeles, Calif. Meets, ee 
ond Wednesday. President, H. H. Buttock, 212 N. Vignes 
Secretary, Leo Hunoerrorp, 4851 8S. Alameda St. W ASHING. 
TON, D. C.: Organized, 1935 Headquarters, Washington, D J 
Meets, Second Wednesday President, R. S. Ditt, 1603 §& 
Springwood Dr., Silver Spring, Md. Secretary, J Ww MaR- 
KERT, 8506 Garfield St. Bethesda, Md. WESTERN MICH- 
IGAN: Organized, 1931. Headquarters, Grand Ra ids, Mich 
ween, Second ay President, F. C. Warren, 200 Division 
N. Secreta ’ BRATT, 228 Ottasva Ave., ae 
WESTERN NEW Porn: Organized, 1919. Head rters, Buffalo, 
Y. Meets, Second Monday. President, 8. QUACKENBUSH, 
Nt W. Tupper St. Secretary, PIERMAN SreLpac = Jr., 45 Allen St 
WISCONSIN: Organized, 192 Headquarters, Milwaukee, Wis. 
Meeta, Third Monday. President, H. W. Scurermer, 507 E. Michi- 
gan St. Secretary, Il. J. Haus, 5410 W. Center St 


Heating, Piping & Air Conditioning, June, 1943—ASHVE Journal Section 331 








Se A es ea es —. 





RT Fs 











11. Heat Requirements of Buildings P. D. Close, Chairma - 


COMMITTEE ON RESEARCH ce Boe ee | 
E. K. Campbell, J. F. Collins, Jr... E. F. Dawson, W 
Driscoll, H. H. Mather, H. K. McCain*, M. W. McRae, C 

C. M. ASHLEY, Chairman Pesterfield, F. B. Rowley, R. K. Thulman 


H. J. Roser, Vice-Chairman 12. Air Conditioning Requirements of Glass: Wl. A. Miller, Cha 
man; L. T. Avery, F. L. Bishop, W. A. Danielson, H 
Dickinson, J. D. Edwards, J. E. Frazier, E. H. Hobbie, C 





! C. M. HuMPHREYs, Acting Director 
| Kribs, Jr.. Axel Marin, F. W. Parkinson, W. C. Randall, L 
Seeley*, L. T. Sher J. T. Staples 3. Vince ; 
J. H. WaLKer, Technical Adviser petey*. Ss 5. Eaeewoes,’s. F. Tunpees, HS. B, Vansant, 5 
| Watkins, F. C. Weinert 
i? 
A. C. FIELDNER, Ex-Officio Member 
: m ; 13. Sound Control: R. D. Madison, Chairman; W. W. Kenne 
: | - : V. O. Knudsen, C. H. Randolph, A. E. Stacey, Jr.*, A. G.S 
Three Years H. J. Ross, L. | SauNDERs, L. E. SEELEY, A. E cliffe, T. A. Walters, R. M Watt, Jr 
STACEY, Jr., ©. TASKER. 
' 
j . , : 14. Cooling Towers, Evaporative Condensers and Spray Pon 
Two Feare: ©. ¥F. BorsTeERr. JouHn A. Gorr, W. E. Hemet, C. A H. B. Nottage, Chairman; C. F. Boester*. W. W. Cocki 
| McKusman, C.-E, A. Winslow S. C. Coey, E. H. Kendall, E. R. Ketchum, S. R. Lewis, J 
; Park, S. I. Rottmayer, E. W. Simons, FE. H. Taze 


One Year: C. M. Asunuiey, M. K. FAHNESTOCK, H. KING Mc- 
Cain, F. C. McIntosx, T. H. URDAHL. 15. Psychrometry: J. A. Goff*, Chairman; F. R. Bichows) 
W. H. Carrier, H. C. Dickinson, R. S. Dill, A. W. Gaus 
Executive Committee C. M. ASHLEY, Chairman; F. C. Mc- William Goodman, A. M. Greene, Jr., L. P. Harrison, F 
INtosn, M. K. FauNnestock, H. J. Rose, T. H. UrRpDAnL. Keyes, A. P. Kratz, D. M. Little, Axel Marin, D. W. Nels 
W. M. Sawdon 


Finance Committee: E. N. McDoNNELL, Chairman 
16. Flow of Fluids Through Pipes and Fittings: F. E. Giesech 

















Chairman; T. M. Dugan, S. R. Lewis, L. P. Saunders* 
17. Fuels: R. A. Sherman, Chairman; R. M. Conner, R. S. D 
R. B. Engdahl, A. C. Fieldner, L. N. Hunter, S. Konzo, W 
{ 7 ’ , DC Myler, Jr.. H. J. Rose*, C. E. Shaffer, T. H. Smoot, R. |} 
TECHNICAL ApvisoRY COMMITTEES : Mh BH Re nett Sh . : 
rhulman, T. H. Urdahl*, E. C. Webb 
18. Corrosion L. F. Collins, Chairman; R. C. Doremus, E. W 
Y : Guernsey, G. G. Marvin, A. R. Mumford, L. P. Saunders* 
1. Sensations of Comfort Thomas Chester, Chairman; N. D we : 
I N. Speller 
Adams, C. R. Bellamy, G. D. Fife, E. P. Heckel, F. C 
: sh* 3. Ne 3. F. Raber, C. Tasker ‘ : , , . 
MecIntosh*, A. B. Newton, B. F. Raber, ¢ rasker* 19 ‘ir Conditioning in Industry W L. Fleisher, Chairma 
i. T. Avery, A. R. Behnke, M.D., Leonard Greenburg, M.D 
2 Physiological Reactions R. W. Keeton, M.D., Chairman W. E. Heibel*, F. C. Houghten, D. E. Humphrey, E. F. Hyde 
L. L. Lewis, C. P. McCord, M.D., P. A. McKittrick, R. R 
Sayers, M.D., C. Tasker*, R. M. Watt, Jr., H. E. Ziel 
3. Removal of Atmospheric Impurities: R. 8S. Dill, Chairman: 
J J. Butke, J M. Dalia Valle, Leonard Greenburg, M.D.. 21. Serbents F. R. Bichowsky, Chairman: O. D. Colvin, | 
rheodore “9 e Ww ( L. Hiemeon, L, R Koller Pe A Dehler, John Everetts, Jr.. Ralph Fehr, J A. Goff*, W. R 
McKeeman*, F. H. Munkelt, H. ¢ Murphy, G. W. Penney Bainaworth, C. H. B. Hotchkiss. J. C. Patterson. G. L 
E. B. Phelps, F. B. Rowley, J. B. Smith, W. O. Vedder, Simpson 
j J. H. Waggoner, R. P. Warren, W. F. Wells 
22. Insulation E. R. Queer, Chairman; J. D. Edwards, F. G 
4. Radiation and Comfort: J. C. Fitts, Chairman; E. L. Brod- Heckler, H. K. MeCain*, Paul McDermott, W. T. Miller, H. C 
erick, R. E. Daly, L. N. Hunter, F. W. Hutchinson, A. P Robinson, F. B. Rowley, G. L. Tuve, J. H. Waggoner, G. B 
Kratz, John James, C. S. Leopold, D. W. Nelson, G. W Wilkes 
Penney, W. R. Rhoton 
23. Heavy Duty Air Heating Furnaces: FE. K. Campbell, Chat 
: ; . oie , : man; H. D. Campbell, K. T. Davis, A. P. Kratz, W. J. MaGir! 
5. Instrumente: D. W. Nelson, Chetrmen; I. M. K. Booker, A. A. Olson, B. B. Reilly, H. J. Rose*, H. A. Soper. 
E. L. Broderick, R. S. Dill, R. B. Engdahl, A. P. Gagge, J. A 
Goff*, J. D. Hardy, A. E. Hershey, F. W. Reichelderfer, G. L : 
Tuve, C. P. Yaglou s 
6. Weather Design Conditions: T. H. Urdahl*, Chatrman; J. C i 
Albright, H. S. Birkett, P. D. Close, J. F. Collins, Jr., John = 
Everetts, Jr.. C. M. Humphreys, H. H. Koster, J. W. O'Neill, 
F. W. Reichelderfer 
Wh Vi ° , wo 
7. Radiation with Gravity Air Circulation: M. K. Fahnestock*, t y 
Chairman; R. E. Daly, R. 8S. Dill, A. G. Dixon, F. E. Giesecke, en ic r is n 
H. F. Hutzel, J. P. Magos, J. W. McElgin, J. F. McIntire, 
preieaisa will you be proud of 
8. Heat Transfer of Finned Tubes W. E. Heibel*, Chairman; 
William Goodman, H. F. Hutzel, Ferdinand Jehle, S. F. Nicoll, 9 
R. H. Norris, L. P. Saunders*, R. J. Tenkonohy, G. L. Tuve, t e part you p aye 4 
D. C. Wiley. 
9. Cooling Load in Summer Air Conditioning: W. E. Zieber, 
Chairman; John Everetts, Jr., W. F. Friend, R. H. Heilman, 
John James, C. S. Leopold, C. O. Mackey, A. E. Stacey, Jr.*, BUY WAR BONDS NOW 
G. E. Tuckerman, J. H. Walker*, M. J. Wilson 
10. Air Distribution and Air Friction: J. H. Van Alsburg, Chair- te ¢ 
man; S. H. Downs, E. C. Lloyd, R. D. Madison, L. G. Miller, 
D. W. Nelson, C. H. Randolph, L. P. Saunders*, M. C. Stuart, 
Ernest Szekely, G. L. Tuve. ia 


332 Heating, Piping & Air Conditioning, June, 19483—ASHVE Journal Section 





; 











332 


Three 
STaceEy, Jr., C 


Two 
McKEEMAN, C.-E. 


One 
Catn, F. C 


Executive 
INTOSH, M. K 


Finance 


COMMITTEE ON RESEARCH 


C. M. ASHLEY, Chairman 

H. J. Rose, Vice-Chairman 
C. M. HUMPHREYs, Acting Director 
J. H. WALKER, Technical Advise 
A. C. FIeLpNer, Ex-Officio Member 


Years: H. J. Rose, L. P. Saunpers, L. E. Seevey, A. E 


TASKER. 
Here, C. A 


Years: C. F. Borester, JOHN A. Gorr, W. E 


A. WINSLOW 
KING Mc- 


ASHLEY, M. K. FAHNESTOCK, H 


URDAHL 


Year: Cc. 3 
McInNtTosnH, T. H 


ASHLEY, Chairman; F. C. Mce- 
Rose, T. H. Urpawt, 


Committes Cc. M 
FAHNESTOCK, H. J 
Chairman 


Committee E. N. McDONNELL, 


TECHNICAL ADVISORY COMMITTEES 


Chester, Chairman; N. D 
Fife, E. P. Heckel, F. C 
Tasker* 


Sensations of Comfort Thomas 
Adams, C. R jellamy, G. D 


McIntosh*, A. B. Newton, B. F. Raber, C 


Physiological Reactions R. W. Keeton, M.D., Chairman 


Atmospheric Impurities R. S. Dill, Chairman 
DallaValle, Leonard Greenburg, M.D 
Hemeon, L. R. Koller, C \ 
Murphy, G. W 
=. & 


Removal of 
a 2 turke, J. M 
Theodore Hatch, W. C. L 
McKeeman*, F. H. Munkelt, H. C 
E. B. Phelps, F. B. Rowley, J. B 


J. H. Waggoner, R. P. Warren, W. F 


Penney 
Smith Vedder 


Wells 


Chairman; E. L. Brod 
Hutchinson, A. P 
Nelson, G. W 


and Comfort s. © Watts. 
Daly, L. N. Hunter, F. W 
James, C. S. Leopold, D. W 
Rhoton 


Radiation 
erick, R. E. 
Kratz, John 
Penney, W. R 


Nelson, Chairman; L. M K Boelter 
Dill, R. B. Engdahl, A. P. Gagge, J. A 
Hershey, F. W. Reichelderfer, G. L 


Instruments dD. W 
E. L. Broderick, R. 8 
Gofft*, J. D Hardy, A. E 
Tuve, C. P. Yaglou 


man; J.C 
Jr., John 
O'Neill, 


T. H. Urdahl*, Chai 
Close, J. F. Collins, 
Koster, J. W 


Conditions 
Birkett, P. D 
Humphreys, H. H 


Weather Design 
Albright, H. S 
Everetts, Jr., C. M 
F. W. Reichelderfer 


Circulation: M. K 
Dill, A. G. Dixon, F 


Gravity Air 
Daly, R. S 


Radiation with 
Chairman; R. E 


H. F. Hutzel, J. P. Magos, J. W. McElgin, J. F. McIntire, 
W. A. Rowe 
Heat Transfer of Finned Tubes W. E. Heibel*, Chairman: 


William Goodman, H. F. Hutzel, Ferdinand Jehle, S. F. Nicoll, 


R. H. Norris, L. P. Saunders*, R. J. Tenkonohy, G. L. Tuve, 
D. C. Wiley 
Cooling Load in Summer Air Conditioning W. E. Zieber, 


Chairman; John Everetts, Jr.. W. F. Friend, R. H 


John James, C. S. Leopold, C. O. Mackey, A. E. Stacer, Jr.*, 
G. E. Tuckerman, J. H. Walker*, M. J. Wilson 

Air Distribution and Air Friction: J. H. Van Alsburg, Chair- 
man; S. H. Downs, E. C. Lloyd, R. D. Madison, L. G. Miller, 


D. W. Nelson, C. H. Randolph, L. P. Saunders*, M. C 


Ernest Szekely, G. L. Tuve 


Chairma 
Dawson, W 
McRae, C 


Heat Requirements of Buildings PrP. D. Close, 
E K Campbell, J F. Collins, Jr., E. F 
Driscoll, H. H. Mather, H. K. MeCain*, M. W 


Pesterfield, F. B. Rowley, R. K. Thulman 


A. Miller, Che 
Danielson, H 
Hobbie, C 
Randall, L 
Vineent, G 


Air Conditioning Requirements of Glass: KR 
Avery, F. L. Bishop, W. A 
Edwards, J. E. Frazier, E. H 
Parkinson, W. C 

Staples, H. B 


man; L. T 
Dickinson, J. D 
Kribs, Jr.. Axel Marin, F. W 
Seelev*, L. T. Sherwood, J. T 
Watkins, F. C. Weinert 
Chairman; W. W. Kenne 


Sound Control Rk. D. Madison, 


V. O. Knudsen, C. H. Randolph, A. E. Stacey, Jr.*, A. G. S 
liffe, T. A. Walters, R. M. Watt, Jr 

Cooling Towers, Evaporative Condensers and Spray Por 
H. B. Nottage, Chairman; C. F. Boester*, W. W. Cock 
S. C. Coey, E. H. Kendall, E. R. Ketchum, 8S. R. Lewis, J 
Park, S. I. Rottmayver, E. W. Simons, FE. H. Taze 
Psychrometry J A Goff*, Chairman; F It RBichows} 


W. H. Carrier, H. C. Dickinson, R. 8S. Dill, A. W. Gaus 
William Goodman, A. M. Greene, Jr., L. P. Harrison, F 
Keyes, A. P. Kratz. D. M. Little, Axel Marin, D. W. Nels 
W. M. Sawdon 

Flow of Fluids Through Pipes and Fittings Fr. FE. Giese 


Chairman; T. M. Dugan, S. R. Lewis, L. P. Saunders* 


Conner, R. S. ID 
Konzo, W 
Smoot 


Sherman, Chairman; R. M 
Fieldner, L. N. Hunter, 8 
Shaffer, T. H 
Webb 


Fuels R. A 
R. B. Engdahl, A. C 
Myler, Jr.. H. J. Rose*, C. E 
Thulman, T. H. Urdahl*, E, C 


Doremus, E. W 


Chairman; R. C 
Mumford, L. P 


Collins, 
Marvin, A. Rk 


Corrosion ia: 3: 


Guernsey, G. G Saunders* 


F. N Speller 


fir Conditioning in Industry W. L. Fleisher, Chairima 


l. T. Avery, A. R. Behnke, M.D., Leonard Greenburg, M 
W. E. Heibel*, F. C. Houghten, D. E. Humphrey, E. F. Hyd: 
L. L. Lewis, C. P. McCord, M.D., P. A. McKittrick, R 
Sayers, M.D., C. Tasker*, R. M. Watt, Jr., H. E. Ziel 
Sorbents Fr. RR. Bichowsky, Chairman oO. DD. Colvin 
Dehler, John Everetts, Jr., Ralph Fehr, J. A. Goff*, W. R 
Hainsworth, C. H B. Hotchkiss, J. C. Patterson, G 
Simpson 

Insulation E. R. Queer, Chairman; J. D. Edwards, F. G 
Heckler, H. K. MeCain*, Paul McDermott, W. T. Miller, H 


Robinson, F. B. Rowley, G. L. Tuve, J. H. Waggoner, G 


Wilkes 

Heavy Duty Air Heating Furnaces E. K. Campbell, Cha 
man; H. D. Campbell, K. T. Davis, A. P. Kratz, W. J. MaGir 
A. A. Olson, B. B. Reilly, H. J. Rose*, H. A. Soper. 





Fahnestock*, 


E. Glesecke, 


Heilman, 


Stuart, 





ATTENTION! 


When Victory is won 
will you be proud of 
the part you played? 


BUY WAR BONDS NOW 
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